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(54) LITHOGRAPHY SYSTEM AND PROCESS FOR FABRICATING DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a lithography 
projector in which a space between a substrate and a 
projection system is filled with liquid while minimizing the 
quantity of the liquid required to be accelerated during a 
stage operation. 

SOLUTION: In the lithography projector, the space 
between the final element of the projection system and 
the substrate table of the lithography projector is 
surrounded by a sealing member. A gas seal is formed 
between the sealing member and the plane of the 
substrate and the liquid is confined in that space. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

- A radiation system which supplies a projection beam of radiation, 

- The supporting structure which supports a patterning means to patternize a projection beam 
according to a pattern for which it asks, 

- A board table holding a substrate, 

- A projection system which projects a patternized beam on a target portion of a substrate, 

- In a lithography projection apparatus which comprises the last element of this projection 
system, and a liquid distribution system which fills a space between these boards with a liquid 
selectively at least, it is this liquid distribution system, 

- The last element of the above-mentioned projection system, and a seal member of the above- 
mentioned space between the above-mentioned board tables elongated along with a bordering 
portion at least, 

- A lithography projection apparatus constituting by this seal member and a gas-seal means to 
form a gas seal between the surfaces of this board. 

[Claim 2] 

The equipment according to claim 1, wherein the above-mentioned gas-sea! means is a gas 
bearing which supports the above-mentioned seal member on the above-mentioned substrate. 
[Claim 3] 

A gas inlet and the first gas derivation port which were formed in a field of the above-mentioned 
seal member where the above-mentioned gas-seal means countered the above-mentioned 
substrate, The equipment according to claim 1 or 2 being constituted by a means to supply gas 
to this feed port under application of pressure, and vacuum means which extracts gas from this 
first gas derivation port. 
[Claim 4] 

The equipment according to claim 3 having been arranged between the above-mentioned first 
gas derivation port connected with a gas source, and the above-mentioned gas inlet, and having 
further a feed port **s. 
[Claim 5] 

The equipment according to claim 4, wherein the further above-mentioned feed port comprises a 
continuous annular slot in a field of the above-mentioned seal member facing the above- 
mentioned substrate. 
[Claim 6] 

The equipment according to claim 5, wherein a corner of the radiate innermost part of the 
above-mentioned slot has a radius. 
[Claim 7] 

Equipment given in any 1 clause of Claim 3, wherein the above-mentioned first gas derivation 
port'comprises a continuous annular slot in a field of the above-mentioned seal member facing 
the above-mentioned substrate to 6. 
[Claim 8] 

The above-mentioned first gas derivation port and/or the above-mentioned gas inlet, Equipment 
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given in any 1 clause of Claim 3, wherein it comprises a means of the above-mentioned supply, 
each chamber between the above-mentioned vacuum means, and an opening of a feed port in 
the above-mentioned surface, or a derivation port and a chamber brings about flow restrictions 
lower than this opening to 7. 
[Claim 9] 

Equipment given in any 1 clause of Claim 3, wherein the above-mentioned gas inlet consists of a 
series of separate openings in a field of the above-mentioned seal member facing the above- 
mentioned substrate to 8. 
[Claim 10] 

Equipment given in any 1 clause of Claim 3 characterized by arranging a porous member in this 
gas inlet so that a flow of gas may be uniformly distributed to a field of a gas inlet to 9. 
[Claim 11] 

Equipment given in any 1 clause of Claim 3, wherein the above-mentioned gas-seal means is 
further provided with the second gas derivation port formed in the above-mentioned field of the 
above-mentioned seal member which countered the above-mentioned substrate and the above- 
mentioned first gas derivation port and this second gas derivation port are formed in both sides 
of the above-mentioned gas inlet to 10, 
[Claim 12] 

Equipment given in any 1 clause of Claim 3 having further a means to change a level of a portion 
of the above-mentioned field between the above-mentioned first gas derivation port and the 
above-mentioned gas inlet, to the remaining portion of the above-mentioned field to 1 1. 
[Claim 13] 

Equipment given in any 1 clause of Claim 3, wherein this equipment is further provided with a 
means to change a level of a portion of the above-mentioned field between edge of the above- 
mentioned first gas derivation port and a field nearest to the above-mentioned optic axis, to the 
remaining portion of the above-mentioned field to 12. 
[Claim 14] 

Equipment given in any 1 clause of Claim 3, wherein the above-mentioned gas-seal means is 
provided with a channel which is located in the neighborhood at an optic axis of a projection 
system, and is formed in the above-mentioned field rather than the above-mentioned first gas 
derivation port to 1 3. 
[Claim 15] 

The equipment according to claim 14, wherein the above-mentioned channel is the second gas 
inlet 

[Claim 16] 

The equipment according to claim 15 currently opening the above-mentioned channel to 
environment on an oil level in the above-mentioned space. 
[Claim 17] 

Equipment given in any 1 clause of Claim 3, wherein the above-mentioned gas inlet is further 
arranged outside rather than the above-mentioned first gas derivation port from an optic axis of 
the above-mentioned projection system to 16. 
[Claim 18] 

Equipment given in any 1 clause of Claim 3, wherein an above-mentioned gas inlet and a gas 
derivation port comprise two or more lead pipes led to a slot in this side of this seal member 
that countered this board, respectively, and this slot that took an interval and has been arranged 
to 17. 
[Claim 19] 

Equipment given in any 1 clause of Claim 1 having further a sensor which measures distance 
between the above-mentioned field of the above-mentioned seal member, and topology of the 
above-mentioned substrate and/orthe above-mentioned substrate to 18. 
[Claim 20] 

Equipment given in any 1 clause of Claim 1 having further an adjustment device which adjusts a 
pressure of gas in the above-mentioned gas-seal means in order to adjust rigidity between the 
above-mentioned seal member and the above-mentioned substrate, and/or distance between 
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the above-mentioned seal member and the above-mentioned substrate to 19. 
[Claim 21] 

So that a liquid may be drawn in a gap by capillary action, and so that it may prevent gas 
from/or a gas-seal component going into the above-mentioned space between the above- 
mentioned projection system and the above-mentioned substrate, Equipment given in any 1 
clause of said claim, wherein a gap between the above-mentioned seal member and a field of this 
substrate that is inside the above-mentioned gas-seal means is small. 
[Claim 22] 

Equipment given in any 1 clause of said claim, wherein the above-mentioned seal member 
surrounds the above-mentioned space between the above-mentioned projection system and the 
above-mentioned substrate and forms a closed loop. 
[Claim 23] 

- A radiation system which supplies a projection beam of radiation, 

- The supporting structure which supports a patterning means to patternize a projection beam 
according to a pattern for which it asks, 

- A board table holding a substrate, 

- A projection system which projects a patternized beam on a target portion of a substrate, 

- In a lithography projection apparatus which comprises the last element of this projection 
system, and a liquid distribution system which fills a space between these boards with a liquid 
selectively at least, The minimum section field of this duct [ in / this space is connecting with a 
liquid reservoir and a liquid through a duct, and / a field vertical to a flow direction of a fluid ] is 
at least, 

[Mathematical formula 1] 



A next door and **V are the quantity of a liquid which must be removed from this space in time 
t min , A lithography projection apparatus which L is duct length, and eta is the viscosity of a liquid 

in this space, and is characterized by **P max being a maximum allowable working pressure 

concerning this last element. 
[Claim 24] 

The equipment according to claim 23, wherein this space is sealed so that this liquid may not 
have the free upper surface when a liquid is in the above-mentioned space. 
[Claim 25] 

- A radiation system which supplies a projection beam of radiation, 

- The supporting structure which supports a patterning means to patternize a projection beam 
according to a pattern for which it asks, 

- A board table holding a substrate, 

- A projection system which projects a patternized beam on a target portion of a substrate, 

- In a lithography projection apparatus which comprises the last element of this projection 
system, and a liquid distribution system which fills a space between these boards with a liquid 
selectively at least, A lithography projection apparatus, wherein this liquid distribution system is 
provided with a restraint means which suppresses generating of a wave and includes a pressure 
release means in an uppermost surface of a liquid in this liquid distribution system further. 
[Claim 26] 

The equipment according to claim 25, wherein the above-mentioned restraint means consists of 
an existing flexible film. 
[Claim 27] 

The equipment according to claim 25 or 26 which the above-mentioned restraint means consists 
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of mesh, and is characterized by the maximal domain of the above-mentioned uppermost surface 
of the above-mentioned liquid being equal to an opening which is a mesh. 
[Claim 28] 

Claim 25 providing the above-mentioned restraint means with a safety valve, and passing a liquid 
with a specific pressure, equipment given in 26 or 27. 
[Claim 29] 

The equipment according to claim 25, wherein the above-mentioned restraint means are the 
above-mentioned liquid and a liquid of hyperviscosity which is nonmiscible. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention, 

- The radiation system which supplies the projection beam of radiation, 

- The supporting structure which supports a patterning means to patternize a projection beam 
according to the pattern for which it asks, 

- The board table holding a substrate, 

- The projection system which projects the patternized beam on the target portion of a 
substrate, 

- It is related with the lithography projection apparatus which comprises the last element of this 
projection system, and the liquid distribution system which fills the space between these boards 
with a liquid selectively at least. 

[Background of the Invention] 
[0002] 

The term a "patterning means'' [ to use it in this Description ] Becoming should be interpreted 
by the broad sense as what hits the means which can be used in order to give the patternizing 
section which is in agreement with the pattern which should be made by the target portion of a 
substrate to the entering radiation beam. The term "light valve" Becoming is also used in such a 
situation. Generally, the above-mentioned pattern is equivalent to the special stratum 
functionale made by the target portion in a device which are an integrated circuit and other 
devices (see the following). The following is contained in such a patterning means, namely 

- Mask. The concept of a mask is a well-known thing in lithography, and not only various hybrid 
mask types but the mask type like a binary mask, a Levenson mask, and an attenuation phase 
shift mask is included in this. By arranging such a mask to a radiation beam, the alternative 
penetration (in the case of a penetrable mask) and alternative reflection (in the case of a 
reflexibility mask) according to the mask pattern of the radiation with which a mask is irradiated 
are enabled. When in the case of a mask the supporting structure is required for the position for 
which the entering radiation beam generally asks so that it is possible to hold a mask, it is a 
possible mask table of making it exercise to a beam. 

- Programmable mirror array. As an example of such a device, the matrix address possible side 
which has a viscoelasticity control layer and a reflector is raised. Although the field where, as for 
the basal principle of such equipment, the address of the reflector (for example) was carried out 
reflects incident light as the diffracted light, the field by which an address is not carried out is 
reflecting incident light as the non-diffracted light By using a suitable filter, it is possible to 
leave only the diffracted light and to carry out the filter of the above-mentioned non-diffracted 
light from a reflective beam. In this method, pattern formation of the beam is carried out 
according to the address pattern of a matrix address possible side. In embodiment of a 
programmable mirror array another again, the matrix arrayed of two or more small mirrors is 
used. Each of the mirror is separately leaned focusing on the axis by [ which apply the local 
electric field for which it was suitable ] depending especially or using a piezo-electric operating 
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means. If it says once again, a matrix address will be possible for a mirror and the mirror by 
which the address was carried out by that cause will reflect an incident radiation beam in the 
different direction from the mirror by which an address is not carried out Thus, pattern 
formation of the reflected beam is carried out according to the address pattern of a matrix 
address possible mirror. Matrix addressing needed is performed using a suitable electronic 
means. In the situation of above-mentioned both, the patterning means can consist of one or 
more programmable mirror arrays. More information about the mirror array which referred to it 
here, the [ for example, / United States patent ] — the [ US No. 5,296,891 and / the ] — since 
it is indicated by PCT patent kind application the W098/[ US No. 5,523,193 and ] 38597, and said 
WO98/33096, please refer to these contents for details. In the case of a programmable mirror 
array, the above-mentioned supporting structure is materialized, for example as a frame or a 
table, and if needed, this serves as a stationary type or serves as working. 
- Programmable LCD array, the example of such composition — the [ United States patent ] — 
since it is indicated by US No. 5,229,872, for details, please refer to these contents. The 
supporting structure which can be set in this case as well as the above is materialized, for 
example as a frame or a table, and this also serves as a stationary type if needed, or it becomes 
working. Suppose that the remainder of the text is limited to the example which needs a mask 
and a mask table, and is explained in a specific part for the purpose of compaction. However, the 
general principle discussed in such an example should be understood in the more extensive 
situation of a patterning means which was already described. 
[0003] 

The lithography projection apparatus is usable in manufacture of an integrated circuit (IC). In this 
case, a patterning means generates the circuit pattern corresponding to each layer of IC. And 
image formation of this pattern can be carried out to the target portion (for example, one or the 
die beyond it is comprised) on the substrate (silicon wafer) with which the layer of the radiation 
sensitization raw material (resist) was applied. Generally, the single wafer contains the whole 
contiguity target partial network irradiated with one at a time one by one via a projection system. 
The present equipment using patterning with the mask on a mask table is classified into the 
machine of two different types. In one type of a lithography projection apparatus, each target 
portion is irradiated by exposing a whole mask pattern by one operation into a target portion. 
Such equipment is generally called the wafer stepper. In another equipment called step and scan 
equipment. Each target portion is irradiated by scanning a mask pattern gradually by a projection 
beam to a predetermined reference direction (the "scanning" direction), and scanning a board 
table to these direction and parallel, or anti-parallel simultaneously with this. Generally, since a 
projection device has the magnification coefficient M (generally <1), the speed V by which a 
board table is scanned becomes one M times the coefficient of the speed by which a mask table 
is scanned of this, if the further information about the lithography device which indicated here 
indicates by reference — the [ for example, / United States patent ] — it can obtain from US 
No. 6,046,792. 
[0004] 

In the manufacturing process which uses a lithography projection apparatus, image formation of 
the pattern (for example, it can set on a mask) is carried out on the substrate selectively 
covered in the layer of radiation sensitization material (resist) at least. A substrate passes 
through various kinds of processes like priming, a resist application, and soft bake in advance of 
this image formation step. A substrate passes along other processes like 
measurement/inspection of postbake (PEB), development, postbake, and an image formation 
future after exposure. The arrangement of this process is used as a standard for patternizing 
each layer of the element like IC, for example, such a layer by which pattern formation was 
carried out — and it passes through various processes of etching, an ion implantation (doping), 
metallization, oxidation, chemical machinery polish, etc. which are the purposes of finishing each 
layer altogether. When the layer of several sheets is needed, it is necessary to repeat a whole 
process or its modification in each new layer. Eventually, the array of an element is formed on a 
substrate (wafer). Next, these elements are separated from mutual by the technique like dicing 
or sewing. And a carrier is equipped with each element or it may be connected to a pin. . The 
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further information about such a process was published from the McGraw-Hill publishing 
company in 1997. Peter van Zant work, "microchip manufacture : The 3rd edition of the books 
("Microchip Fabrication^ Pratical Guide to Semiconductor Processing") of the name practical 
use guide" to a semiconductor process, Since it is indicated to ISBN0-07-067250-4, please 
refer to these contents for details. 
[0005] 

For the purpose of compaction, a projection system shall be called a "lens" from this. However, 
this term should be interpreted by the broad sense as what covers the projection system various 
type which contains a dioptrics system, a reflected-Iight study system, and a catadioptric- 
system system, for example. A radiation system can be provided also with the component which 
works again according to such a design type of either which performs derivation of the projection 
beam of radiation, shaping, or control. Such a component is also called a "lens" intensively or in 
independent henceforth. A lithography device is a thing of a type which has two or a board table 
beyond it (and or two or the mask table beyond it). It is used by the additional table in such a 
"multistage" device, standing in a row. Or while other one or more tables are used for exposure, 
a preliminary process is performed on one or more tables, by reference — a dual stage 
lithography device — the [ United States patent ] — the description is made in US No. 
5,969,441 and international patent application the W098 / No. 40791. 
[0006] 

Dipping the substrate in a lithography projection apparatus in the liquid like water which has a 
comparatively high refractive index is proposed so that the space between the last element of a 
projection system and a substrate may be filled. Since exposure radiation has shorter wavelength 
in a liquid, the point in this is making image formation of a smaller feature possible. (It is thought 
that effective NA in a system also increases by the effect of a liquid.) 
[0007] 

However, dipping a board table in a liquid means that there are a lot of liquids which must be 
accelerated during scanning exposure, this — an addition — or a turbulent flow [ in / a more 
powerful motor is needed and / a liquid ] — ** — the influence which ****** anc j cannot 
predict whether it is better is brought about 
[0008] 

A lithography projection apparatus has some difficulties about having a liquid. For example, 
making a liquid flow out produces a problem by destroying the vacuum, when [ in which it 
interferes with an interferometer ] it is necessary to depend especially and and a beam needs to 
be maintained at a vacuum in a lithography projection apparatus. A liquid is used at a remarkable 
rate as suitable preventive measures are not taken by it. 
[0009] 

The difficulty in keeping the depth of a liquid constant on the further problem relevant to dipping 
lithography and the difficulty in conveyance of the substrate to the bottom of an image formation 
position, i.e., the last projection system element, and conveyance from the image formation 
position are included. Contamination (based on the chemical which dissolved in the liquid) of a 
liquid, and the rise of the temperature of a liquid have influence harmful to the image formation 
quality which can be attained. 
[0010] 

It is necessary to perform the process for protecting especially the optical element of a 
projection system in the case of the control loss of failure of a computer, a power failure, or 
equipment by a certain Reason. It is necessary to establish the process of preventing a liquid 
from falling in other components of equipment. 
[0011] 

When a liquid has a free face and a liquid distribution system is used, it is necessary to perform a 
process for the power applied to a liquid distribution system to prevent a wave from occurring in 
the free face. The wave can tell vibration to a projection system from a substrate of operation. 
[0012] 

In the international patent application number WO 99/No. 49504, the lithography device with 
which a liquid is supplied to the space between a projection lens and a wafer is indicated. When a 
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wafer is scanned in the direction of X under a lens, a liquid is supplied on +X side of a lens and is 

taken up on -X side. 

[Description of the Invention] 

[Problem to be solved by the invention] 

[0013] 

This invention makes the minimum quantity of the liquid which needs to be accelerated between 
stage operations, and an object of this invention is to provide the lithography projection 
apparatus which filled the space between a substrate and a projection system with the liquid. 
[Means for solving problem] 
[0014] 

In a lithography projection apparatus which was specified in the paragraph of the beginning, this 
purpose and other purposes are attained according to this invention. Here, it is the above- 
mentioned liquid distribution system, 

- The last element of the above-mentioned projection system, and the seal member of the 
above-mentioned space between the above-mentioned board tables elongated along with the 
bordering portion at least, 

- It comprises this seal member and a gas-seal means to form a gas seal between the surfaces 
of this board. 

[0015] 

From carrying out a gas-seal means in this way, and forming a non-contact seal between a seal 
member and a substrate, even if it is a time of the substrate operating under a projection system 
during scanning exposure, a liquid is confined in a space between the last element of a projection 
system, and a substrate, for example. 
[0016] 

A seal member makes one closed loop form of circular, a rectangle, or other form surrounding a 
space, or U type form or form of a space which has not only closed having elongated along with 
a side on the other hand is also possible for it, for example. When a seal member has not closed 
and a substrate is scanned under a projection system, a seal member is arranged so that a liquid 
may be shut up. 
[0017] 

Preferably, a gas-seal means is a gas bearing which supports this seal member. This has the 
strong point in which identical parts of a liquid distribution system are usable to both ceilings of 
a liquid in a space between a bearing and the last element of a projection system, and a 
substrate, and this reduces complexity and weight of a seal member. Experience before obtaining 
from use of a gas bearing in vacuum environment can be employed efficiently. 
[0018] 

Preferably, a gas-seal means is constituted by the gas inlet and the first gas derivation port 
which were formed in the field of this seal member that countered the above-mentioned 
substrate, a means to supply gas to this feed port under application of pressure, and the vacuum 
means which extracts gas from this first gas derivation port. A gas inlet is further arranged 
outside rather than this first gas derivation port from the optic axis of the above-mentioned 
projection system still more desirably. Thus, the flow of the gas in a gas seal confines a liquid 
most effectively toward the inside. In this case, a gas-seal means is further provided with the 
second gas derivation port advantageously formed in the field of the seal member which 
countered the substrate, and the first gas derivation port and the second gas derivation port are 
formed in the both sides of a gas inlet. The second gas derivation port makes it possible to stop 
the gas which slips out from a gas inlet by the environment surrounding a seal member to the 
minimum, Therefore, the risk of the gas of interfering with an interferometer or reducing the 
vacuum in a lithography device which falls out and comes out is stopped to the minimum. 
[0019] 

The liquid distribution system is provided also with the sensor which measures the distance 
between the topology of the field of a seal member, and the uppermost surface of a substrate 
and/or a substrate. Thus, an adjustment device may be used in order to change the field of a 
seal member, and the distance between substrates by adjusting a gas-seal means with a 
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feedforward method or a feedback method, for example. 
[0020] 

This equipment is further provided with a means to change a level of a portion of this field of this 
seal member to the remaining portion of a field with the first gas derivation port and edge of a 
field nearest to an optic axis. This is that adjustment of a pressure which confines a liquid in a 
space is made apart from adjustment of a pressure under a feed port, and it can adjust height of 
a seal member on a substrate, without disturbing balance of power which holds a liquid in a 
space. This is made possible and an option is using a means for changing a level of a portion of a 
field between the first gas derivation port or the second gas derivation port, and a gas inlet to 
the remaining portion of a field. These three systems are usable in any combination. 
[0021] 

Moreover it divides a ceiling function and a bearing function of a gas-seal means, an option is 
establishing a channel which is located near the optic axis of a projection system and formed in 
a field of a seal member rather than the first gas derivation port. While a pressure of this channel 
can be changed so that a liquid may be confined in a space, It will be only small, even if it acts 
only in order that these may support a seal member and there is a ceiling function, since it is 
usable in order that a gas inlet and a gas derivation port may change height of a seal member on 
a substrate. 
[0022] 

A still more advantageous future is a porous member arranged in a gas inlet in order to distribute 

the flow of gas to the field of a gas inlet uniformly. 

[0023] 

This is convenient although a gas inlet and a gas derivation port are formed, and each of a gas 
inlet comprises two or more lead pipes led to the slot in this side of this seal member that 
countered this board, and this slot that took the interval and has been arranged. 
[0024] 

The small thing of the gap between this seal member and the field of this board that exists inside 
this gas-seal means is desirable so that a liquid may be drawn in a gap by capillary action, and so 
that the gas from/or a gas-seal component may be prevented from going into this space. The 
seal divided and stabilized by balance between the capillary action which draws a liquid, and the 
flow of the gas which extrudes it is formed under a seal member. 
[0025] 

The space between a substrate and a projection system is filled with a liquid, and it sets it as 
the further purpose to provide the lithography projection apparatus which presses down the 
propagation of the disturbance between a substrate and a projection system to the minimum. 
[0026] 

In a lithography device which was specified in the paragraph of the beginning, this purpose and 
other purposes are attained according to this invention. Here, the minimum section field of this 
duct [ in / this space is connecting with the liquid reservoir and the liquid through the duct, 
and / a field vertical to the flow direction of a fluid ] is at least, 
[Mathematical formula 1] 



A next door and **V are the quantity of the liquid which must be removed from this space in 
time t min , L is duct length, and eta is the viscosity of the liquid in this space, and **P max is a 

maximum allowable working pressure concerning this last element. 
[0027] 

As for this equipment, a liquid has the strong point in which it can be controlled thoroughly so 
that it may not have a big free face which a wave generates. That is, the ene closing of a space 
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or the reservoir is carried out at the topmost part, and the reservoir is filled with the liquid. This 
through a duct within predetermined time (time of the crash measured experimentally) the 
quantity of the fluid which can flow out It is because a liquid can slip out through a duct before 
the pressure in a space reaches the level made to generate damage, since it is so large enough 
that the damage to the last element of a projection system may be avoided in the case of crash 
of equipment. When the seal member operates to the last element, it must slip out of a liquid. 
Otherwise, the hydrostatic pressure poured on the last element between the relative movements 
of the last element to a seal member will do damage to the last element. 
[0028] 

In another mode of this invention, a lithography device which was specified in the paragraph of 
the beginning is provided. Here, further, in the uppermost surface of the liquid in this liquid 
distribution system, a liquid distribution system suppresses generating of a wave, and is provided 
with a restraint means including a pressure release means. 
[0029] 

Thus, generating of a wave is suppressed when a restraint means contacts the uppermost 
surface of a liquid. However, since the damage to the last element is avoided in the case of 
crash, moreover, it can slip out of a liquid from this space. 
[0030] 

One method of providing a restraint means is putting the liquid in a space, and the liquid of 
nonmiscible hyperviscosity on the liquid uppermost surface in a space through the existing 
flexible film. In these each case, a pressure release function is brought about with the flexibility 
of a restraint means. 
[0031] 

In another mode of this invention, 

- The step which provides the substrate selectively covered with the layer of the radiation 
sensitive material at least, 

- The step which supplies the projection beam of radiation using a radiation system, 

- The step which gives a pattern to the section of a projection beam using a patterning means, 

- The step which projects the beam with which radiation was patternized by the target portion of 
the layer of a radiation sensitive material, 

- The device manufacturing method which consists of a step which supplies a liquid so that the 
space between the last elements of a substrate and the projection system used in the above- 
mentioned projection step may be filled is provided, 

- or [ forming a gas seal between the seal member of this space elongated along with the 
bordering portion at least, and the surface of this substrate ] — or 

- It is either of whether the liquid reservoir connected with this space with a liquid through a 
duct is provided, 

- This duct, 

[Mathematical formula 2] 



Have the minimum section field in a field vertical to the flow direction of ******, and here, **V 
is the quantity of the liquid which must be removed from this space in time t min , L is duct length, 

eta is the viscosity of the liquid in this space, and it is characterized by **P max being a maximum 

allowable working pressure on this last element — or 

- Control generating of the wave of this liquid by a restraint means, and make the pressure of 

this liquid cancel. 

[0032] 

Although detailed reference explanation is given in manufacture of IC about the directions of the 
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equipment by this invention in the text, it should be understood clearly that such equipment is 
usable also in many other uses. For example, the equipment by this invention may be used for 
manufacture of the guidances for integrated optics equipment and magnetic domain memories 
and detecting patterns, liquid crystal display panels, thin film magnetic heads, etc. In such an 
alternative use, it is clear for the specialist in the technical field concerned that the term's of 
the "reticle", the "wafer", and the "die" which were used in the text it may be used, transposing 
to a more general term [ say / a "mask", a "substrate", and a "target portion" ], respectively. 
[0033] 

The term of the "radiation" and the "beam" which were used in this Description, All types 
including not only the particle beam like an ion beam or an electron beam but ultraviolet rays (for 
example, it has the wavelength of 365 nm, 248 nm, 193 nm, 157 nm, or 126 nm) of 
electromagnetic radiation is covered. 
[0034] 

Attached Drawings shall be carried out for the detailed explanation about the embodiment of this 
invention to reference only in the method of illustration. The same reference number shall be 
similarly included in parts through a complete diagram. 
[Work example 1] 
[0035] 

Drawin g 1 shows the lithography projection apparatus based on the original embodiment of this 
invention. Radiation system Ex and IL which supply the projection beam PB (for example, DUV 
radiation) of radiation provided also with radiation source LA in this embodiment with this special 
equipment, First object table (mask table) MT which connected with the first positioning means 
holding mask MA (for example, REKUCHIRU) that mask-holder w Has and positions a mask 
correctly to item PL, Second object table (board table) WT which connected with the second 
positioning means that is provided with the substrate holder holding the substrate W (for 
example, resist application silicon wafer), and positions a substrate correctly to item PL, It is 
constituted by projection system ("lens") PL (for example, reflective refraction lens system) 
which carries out image formation of the irradiation portions of mask MA to the target portion C 
of the substrate W (for example, one or the die beyond it is comprised). This equipment is a 
penetration type (that is, it has a transmission mask) as shown here. However, generally the 
reflective type thing which has a reflecting mask, for example is also possible. Or the patterning 
means of other kinds like the programmable mirror array which is a type relevant to the above of 
this equipment is also usable. 
[0036] 

Source LA (for example, excimer laser) makes the beam of radiation. After this beam crosses the 
conditioning means like the beam expander Ex directly or, for example, it is supplied to lighting 
system (lighting system) IL Lighting-system IL comprises adjustment device AM which sets up 
the exterior of intensity distribution and/, or the internal radiation range (it is generally 
equivalent to sigma-outer and sigma-inner, respectively) in a beam. Lighting-system IL is 
generally provided with other various components like the integrator IN and capacitor CO. Thus, 
the beam PB with which mask MA is irradiated has the homogeneity and intensity distribution for 
which it continues and asks in the section. 
[0037] 

being related with drawin g 1 — source LA — the inside of the housing of a lithography device — 
it is (this is large when a source is a mercury lamp) — however, it comments also on it being 
possible to separate from a lithography projection apparatus and to arrange. In this case, the 
radiation beam which source LA makes is drawn in equipment (guide mirror for which it was 
suitable). In the scenario of this latter, source LA is an excimer laser in many cases. This 
invention and a claim cover both scenario of these. 
[0038] 

Then, the beam PB enters into mask MA currently held on mask table MT. The beam PB passes 
lens PL which crosses mask MA and doubles the focus of the beam PB on the target portion C 
of the substrate W. By the second positioning means (and interference measurement means IF), 
board table WT can exercise correctly, in order to double a position with the different target 
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portion C in the course of the beam PB, for example. Similarly, it is usable after the first 
positioning means searches mask MA mechanically, for example from a mask library, or so that 
mask MA may be correctly positioned to the course of the beam PB between scanning motion. 
Generally, movement of object table MT and object table WT is performed by a long^stroke 
module (coarse adjustment positioning) and the short stroke module (slight movement 
positioning). About this, it is not showing clearly to drawing 1. however, in the case of a wafer 
stepper (step and scan equipment — by contrast), mask table MT is only connected with a short 
stroke actuator, or is fixed. 
[0039] 

The equipment which expressed here is usable in two different modes. 

- In step mode, mask table MT is kept fundamental to the state of rest. And the whole image of 
a mask is projected on the target portion C by one operation (namely, 1 time of "flash plate"). 
Next, board table WT is shifted to a x direction and/, or a y direction, and the different target 
portion C may be irradiated by the beam PB. 

- In scanning mode, although the same scenario is applied fundamentally, the predetermined 
target portion C is not exposed with 1 time of a "flash plate" here. Instead, mask table MT can 
exercise for a prescribed direction (what is called a "scanning direction", for example, a y 
direction) at the speed v, and the beam PB scans the image of a mask by it It can come, 
simultaneously board table WT exercises for a uniform direction or a counter direction by speed 
V=Mv. Here, M is the magnification (generally M= 1/4 or 1/5) of lens PL Thus, it becomes 
possible to expose the comparatively big target portion C, without reaching a compromise in 
resolution. 

[0040] 

Drawing 2 shows a projection system and the liquid reservoir 10 between substrate stages. The 
liquid 1 1 which has a comparatively high refractive index which is water is filled via 
introduction/derivation duct 13 by the liquid reservoir 10. There is an effect of a liquid in having 
shorter wavelength with a liquid and enabling resolving of a smaller feature rather than the 
radiation of a projection beam can set to air or a vacuum. The wavelength of a projection beam 
and the numerical aperture of a system especially determine the resolution limit of a projection 
system. It is thought that existence of a liquid also increases the number of effective apertures, 
The liquid is effective for increasing depth of field with a fixed numerical aperture. 
[0041] 

The reservoir 10 forms the non-contact seal to a substrate in the surroundings of the image 
field of a projection system. 

The liquid is shut up so that the space between a substrate face and the last element of a 
projection system may be filled. 

The reservoir is formed from the seal member 12 which surrounded this and has been arranged 
under the last element of projection system PL It is put into a liquid to the space in the seal 
member 12 under a projection system. The seal member 12 is elongated now exceeding a little 
last element of a projection system, an oil level goes up to the last element, and the buffer of a 
liquid is brought about. The seal member 12 is an upper bed part, and has the inner 
circumference which is preferably in agreement with the step or its last element of a projection 
system just. 

And it may be round, for example. 

In a pars basilaris ossis occipitalis, although inner circumference is not necessarily restricted to 

this, it is in agreement with the form of a rectangular image field just 

[0042] 

A liquid is shut up by the reservoir with the pars basilaris ossis occipitalis of the seal member 12, 
and the gas seal 1 6 between the substrate W surfaces, a gas seal — the gas like air or a 
synthetic air — however, it is preferably formed by N 2 or other inactive gas. Such gas is supplied 

to the gap between the seal member 12 and a substrate under application of pressure via the 
feed port 15, and is extracted by the first derivation port 14. The overpressure to the gas inlet 
15, the vacuum level of the first derivation port 14, and the geometry of a gap are adjusted so 
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that the high-speed airstream to the inside which shuts up a liquid may arise. This is shown 

more in details in drawing 3 . 

[0043] 

A gas seal is formed from the two annular slots 18 and 19, and these annular slots are 
connected with the first feed port 15 and the first derivation port 14 by the small conduct 
(conduct) which took a space and followed the surroundings of a slot, respectively. The feed port 
15 and the derivation port 14 are slots or slits which are two or more separate orifices 
surrounding a periphery of the seal member 24, or continued. An annular big hollow to a seal 
member is provided in a feed port and the derivation ports of each, and forms a manifold. By 
acting as a gas bearing, a gas seal is effective also in supporting the seal member 12. 
[0044] 

The small and longer one of the gap G1 on the outside of the gas inlet 15 is preferred so that 
resistance may be given to a flow of air which goes outside, but it does not necessarily need to 
be so. The gap G2 of a semicircle upper bed of the feed port 15 formed of many surrounding 
small holes of a seal member is somewhat large, and certainly distributes surrounding gas of a 
seal member fully. Gap G3 is chosen so that a flow of gas which passes along a seal may be 
controlled. In vacuous distribution, the gap G4 has become greatly so that may be made well. 
The derivation port 14 is formed of many small holes by the same method as the feed port 15. 
The gap G5 is small so that it may avoid a lot of liquids entering and barring a vacuum, and so 
that [ so that it may prevent spreading gas/oxygen into a liquid in a space, and ] this may always 
be certainly filled with a liquid by capillarity. 
[0045] 

Thus, a gas seal is the balance between the capillary force which draws a liquid in a gap, and the 
airstream which extrudes a liquid. When capillary force will be reduced if a gap becomes large 
from G5 G4, and the flow of air increases, the boundary line of a liquid serves as this field, and it 
is stabilized even when a substrate runs by the bottom of projection system PL 
[0046] 

The flow of the gas by which the pressure differential between not only the size and geometry of 
gap G3 but the feed port in G2 and the derivation port in G4 passes along the seal 16 is 
determined, and this pressure differential is determined according to a concrete embodiment On 
the other hand, the length of gap G3 is short, and a remarkable effect can be attained when the 
absolute pressure in G2 is twice the absolute pressure in G4. In this case, gas velocity is the 
sound velocity in gas, and does not increase any more. Therefore, the flow of stable gas is 
attained. 
[0047] 

By reducing gas introducing pressure and making a liquid go into the gap G4, by sucking out with 
a vacuum system, a gas derivation system may be used, also when removing a liquid thoroughly 
from a system. This can be easily adjusted, as well as the gas used in order to form a seal in 
order to deal with a liquid. The pressure regulation of a gas seal is used also in order to make the 
liquid which passes along the gap G5 flow certainly so that the liquid of the gap G5 heated by 
friction may not disturb the liquid temperature of the space under a projection system, when the 
substrate operates. 
[0048] 

The form of the surrounding seal member of a gas inlet and a derivation port should be chosen 
so that laminar flow may be brought about as much as possible, in order to reduce a turbulent 
flow and vibration. The flow of gas should be adjusted so that change of the flow direction in the 
interface of a liquid may become as large as possible, in order to bring about the maximum force 
which shuts up a liquid. 
[0049] 

A liquid distribution system circulates the liquid of the reservoir 10, and, thereby, supplies a fresh 

liquid to the reservoir 10. 

[0050] 

The gas seal 16 can make the power of sufficient size to support the seal member 12. In order to 
actually raise the effective kilogram supported by the seal member 12, it is necessary to carry 
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out bias of the sea! member 12 to a substrate direction. In any case, in a static position, the seal 
member 12 is substantially held in XY side (vertical to an optic axis) as opposed to a projection 
system under this, but it is separated from a projection system. The seal member 12 moves to a 
Z direction, and Rx and Ry freely. 
[Work example 2] 
[0051] 

The 2nd embodiment is shown in drawing 4 and drawin g 5. The 2nd embodiment is the same as 

the 1st embodiment except for the contents of the description below. 

[0052] 

In this embodiment, the second gas derivation port 216 is established in the opposite side of the 
gas inlet 15 to the first gas derivation port 14. In this method, the gas which falls out from the 
gas inlet 15 outside, and appears from the optic axis of equipment in it is sucked up by the 
second derivation port 216 connected with the vacuum source. Thus, gas is prevented from 
slipping out from a gas seal so that the vacuum in which interferometer reading or the projection 
system, and/or the substrate are accommodated for gas, for example, and interference may be 
impossible. 
[0053] 

Other advantages of this example which uses two gas derivation ports are that this design is 
dramatically similar with the design of the air bearing before used in the lithography device. 
Therefore, it is possible to apply directly experience obtained from such an air bearing to the gas 
seal of this example. Since especially the gas seal of the 2nd embodiment is suitable for the use 
as a gas bearing not only as a seal means, it can use this for support of the weight of the seal 
member 12. 
[0054] 

In order to measure the bottom of the seal member 12, and the distance between the substrates 
W, or in order to measure the topology of the upper surface of the substrate W t a sensor is 
formed effectively. In order to change the pressure impressed to 14, 15, and 216 of a gas inlet 
and a derivation port, it is possible to use an adjustment device, and the pressure P2 which 
shuts up the liquid 11, and the pressures P1 and P3 which support the seal member 12 are 
changed into a reservoir. Therefore, the distance D between the seal member 12 and the 
substrate W is changed, or it is maintained by fixed distance. It may be used for the same 
adjustment device maintaining the field of the seal member 12. The same adjustment device may 
be adjusted by either a feedforward adjustment loop or the feedback adjustment loop. 
[0055] 

Drawing 5 shows in detail how a gas seal is adjusted and it gets, in order to adjust independently 
to a reservoir the pressure P2 holding a liquid, and the pressure P3 which supports the seal 
member 12. Since this special adjustment provides the method of pressing down the liquid loss 
under operation to the minimum, it is useful. In the 2nd embodiment, regulation of the pressures 
P2 and P3 is enabled independently, and the condition under exposure is changed. It is set to the 
level which differs in the liquid loss for every unit time that condition changes, a different scan 
speed or when the edge of the substrate W probably overlaps by the seal member 12. This is 
attained by providing a means to change the distance over the substrate W of each portion in 
the field of the seal member 12 facing the substrate W. The portion 230 between the first gas 
derivation port 14, the portion 220 between the edge of the seal member 12 nearest to an optic 
axis and the gas inlet 15, and the first gas derivation port 14 and the portion 240 between the 
second gas derivation port 216 and the gas inlet 15 are included in such a portion. An 
electrostrictive actuator is used for these portions, for example, and they operate in the 
direction of substrate W, and the direction which separates from the substrate W. That is, the 
bottom of the seal member 12 comprises an electrostrictive actuator (desirably stack). This 
electrostrictive actuator can be extended/contracted by giving the potential difference which 
crosses these. It is also possible to use other mechanical means. 
[0056] 

The pressure P3 made under the gas inlet 15, the pressure P5 of gas impressed to the gas inlet 
15, the first gas derivation port 14, and the second gas derivation port 216 — it is alike, 
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respectively and is determined by the distance D between the pressures P6 and P4 of gas 
impressed, and the bottom of the seal member 12 which faced the substrate W and the 
substrate W. Horizontal distance between a gas inlet and a gas derivation port also affects it 
[0057] 

Weight of the seal member 12 is amended by the pressure P3, and, thereby, the seal member 12 
decides the distance D from the wafer W. Reduction in D serves as an increase in P3, and an 
increase in D serves as reduction of P3. Therefore, this can be called self-regulating system. 
[0058] 

Only adjustment of the distance D is enabled by the pressure P4, P5, and P6 in fixed pushing 
force by the pressure P3. However, P5, P6, and combination of D make the pressure P2 which is 
a pressure which holds the liquid 1 1 to a reservoir. Quantity of a liquid which slips out of a 
container of a liquid with a predetermined pressure level is computable, and a pressure in liquid 
P UQ is also important for it. When P UQ is larger than P2, a liquid escapes from a reservoir and it 

comes out of it. moreover — case P UQ is smaller than P2 — good — better or it is generated 
by ****** air bubbles into a liquid. It is desirable to maintain P2 to a value slightly smaller than 
P UQ so *^ at air bubbles may not be made certainly, and so that so many liquids may fall out and 
it may not appear in a liquid, when this liquid needs to be exchanged. Preferably, this is all made 
by the constant D. Since quantity of a liquid which falls out and comes out will change by a 
square of the distance D1 if the distance D1 between the portion 220 and the wafer W is 
changed, quantity of a liquid which slips out of a reservoir is considerably changeable. Change of 
distance needed is about only 1-mm thing, and is 10 micrometers desirably. This is easily made 
possible by piezo-electric stack which has the operation voltage of order beyond 100V. 
[0059] 

Or it is possible by arranging a piezoelectric device at the pars basilaris ossis occipitalis of the 
portion 230 to acjjust liquid quantity of which it can slip out. It is effective in changing the 
pressure P2 to change the distance D2. However, probably, this solution needs adjustment of the 
pressure P5 in the gas inlet 15, in order to maintain the constant D. 
[0060] 

Naturally, it is also possible for low [ of the portion 240 ] to change the distance D3 between a 
portion and the substrate W in a similar way, and it is also possible to use it for each adjustment 
of P2 and P3. It will be understood that it is possible to combine and to acjjust separately all of 
the pressure P4, P5 and P6, the distance D1 and D2, and D3 in order to change P2 and P3 into a 
desired value. 
[0061] 

The 2nd embodiment is actually effective in especially use in active management of liquid 
quantity of the reservoir 10. A standby state of a projection device with which image formation 
of the substrate W is not performed will be in a state where a gas seal is active, in order that it 
may support the seal member 12 by that cause, although a liquid of the reservoir 10 is empty. 
After the substrate W has been arranged, a liquid is introduced in the reservoir 10. Next, image 
formation of the substrate W is carried out. Before removing the substrate W, a liquid from a 
reservoir can be removed. A liquid in the reservoir 10 is removed after exposure of a last 
substrate. A gas purge must be applied so that a field where a liquid was before filled whenever it 
removed a liquid may be dried. In equipment, a liquid can be easily removed thoroughly according 
to the 2nd embodiment by changing P2, maintaining the constant P3, as mentioned above. In 
other embodiments, when changing P5 and P6 (in and the in the suitable case when required also 
in case of P4), same effect can be attained. 
[Work example 3] 
[0062] 

As shown in drawing 6, the channel 320 is formed in a field of the seal member 12 which faced 
the substrate W inside the first gas derivation port 14 (still closer to an optic axis of a projection 
system) as an alternative of the 2nd embodiment, or the further deployment. The channel 320 
has the same composition as 14, 15, and 216 of a gas inlet and a derivation port. 
[0063] 
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It is possible to change the pressure P2 independently [ the pressure P3 ] by using the channel 
320. Or liquid consumption from a reservoir under operation is considerably reduced by carrying 
out the opening of the channel from an oil level of the reservoir 10 to upper ambient pressure. 
Although the channel 320 can be combined also with an embodiment like other throats and it 
might be used especially combining the 1st embodiment, this example was described in 
combination with the 2nd embodiment The further strong point is that the gas inlet 15 and the 
first gas derivation port 14 (it is [ in / again / a certain specific embodiment ] also the second 
gas derivation port 216) are not disturbed. 
[0064] 

Although three elements are shown here, it is possible to take in even how many channels to the 

field of the seal member 12 facing the substrate W. Each channel is given the pressure in order 

to improve the rigidity of a liquid distribution system, liquid consumption, stability, or other 

characteristics. 

[Work example 4] 

[0065] 

The 4th embodiment shown in drawing 7 and drawin g 8 is the same as the 1st embodiment 
except for the contents given in the following. However, the 4th embodiment can also be 
effectively used here with the embodiment besides either of a description. 
[0066] 

In the 4th embodiment the porous members 410, such as porous carbon and a porosity ceramic 
member, are preferably attached to the gas inlet 15. Here, gas escapes from the bottom of a seal 
member and it comes out of it Preferably, the bottom of a porous member is on the same flat 
surface as the bottom of a seal member. The gas which is unrelated to the field which is not 
completely (in this case, it can set to the substrate W) even as for this porous carbon 
component 410, escapes from the feed port 14, and comes out is well distributed to the whole 
exit of a feed port. When the field where a gas seal contacts in this point when the seal member 
12 is selectively arranged on the edge of the substrate W is not even, the strong point acquired 
by using the porous member 410 is also clear. 
[0067] 

In another form of the 4th embodiment, it is possible to arrange the porous member 410 to the 
vacuum channel 14. The porous member 410 should have the hole chosen so that a 
pressurization state might be maintained, avoiding ****** or ****** pressure loss. This is 
advantageous when carrying out image formation of the edge of the substrate W, and the gas 
bearing operates an edge top of the substrate W. Even if precompression in an edge position 
loses, it will be because change of precompression is reduced considerably and a vacuum 
channel is not polluted by gas of a large quantity and a variety in a continuous change of flying 
height on a stage, and power. 
[Work example 5] 
[0068] 

It has a liquid in the reservoir 10 generally exposed to gas which has a free surface, and which is 
called air in all the above-mentioned embodiments, this — the last element of projection system 
PL — a projection system — still water — it comes out in order to prevent destroying in crash 
by power increasing. During crash, when projection system PL acts to it a liquid in the reservoir 
10 is not made to control, but it is obliged for a liquid to go up up easily, a surface wave 
produces a fault of this solution during operation in a free surface — thereby — projection 
system PL from the substrate W — good — better or it is telling ****** disturbance. 
[0069] 

The one method of solving this problem is that the reservoir 10 is made to be contained 
thoroughly [ especially that upper surface ] in a seal member. A liquid is supplied to the reservoir 
10 through a duct from the second reservoir, in a projection system since it is obliged for this 
second reservoir to be able to have an uppermost surface which is not controlled, and for a 
liquid to go in the second reservoir through a duct during crash — the big still water to the first 
reservoir 10 — it avoids that power arises. 
[0070] 
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In such a closed system, the local increase in the pressure of the liquid in a projection system is 
avoided by certainly having a section field where the duct connected with a reservoir is equal to 
the duct which has a radius according to the following equation. 
[Mathematical formula 3] 




R is a duct radius, **V is the quantity of the liquid which must be removed from the reservoir 10 
within the time t here, L is the length of a duct, and eta is the viscosity of a liquid, and **P is a 
pressure differential between the second reservoir and the first reservoir 10. A board table may 
crash at 0.2 m (it measures by experiment)/second in speed, And when assumption that **P 

max 

is 10 4 Pa (it can last before a damage produces the last element of a projection system in a 
maximum pressure) is built, a required pipe radius is about 2.5 mm to the duct length of 0.2 m. 
Desirably, the effective radius of a duct is twice [ at least ] the minimum obtained from a 
formula. 
[0071] 

While projection system PL is moreover protected at the time of crash, formation of a wave is 
avoided in a liquid of the reservoir 10, and an option is providing a free surface of a liquid with 
the inhibiting film 510 in an uppermost surface of a liquid of the reservoir 10. This solution needs 
the safety means 515 in order to make a liquid discharge without making it too high a pressure in 
crash. The one solution is shown in drawing 9 . When an inhibiting film comprises a flexible 
material, and a liquid makes this transform the existing flexible inhibiting film 510 before a 
pressure of a liquid reaches predetermined allowable maximum, A liquid is attached with a wall or 
a projection system of the seal member 12 by a method of slipping out between projection 
system PL and the inhibiting film 510 or of between an inhibiting film and a seal member, 
respectively. Thus, a liquid is able to slip out of a safe film, without doing damage at projection 
system PL in crash. A thing of the reservoir 10 for which it has a space on an inhibiting film of 
volume at least about this embodiment is clearly desirable. Therefore, although it is so hard 
enough that formation of a wave can be avoided in an uppermost surface of a liquid in the 
reservoir 10, an existing flexible film is not hard to a forge fire which prevents a liquid falling out 
and coming out, once a liquid reaches predetermined hydrostatic pressure. In combination with a 
harder inhibiting film, same effect can be attained by using the pressure valve 515 which makes a 
free flow of a liquid possible above predetermined pressure. 
[0072] 

In form of a restraint means another again, a liquid with high viscosity is arranged to the free 
surface of the topmost part of the liquid of the reservoir 10. This controls formation of a surface 
wave, not blocking projection system PL but making it slip out of a liquid in crash. Naturally, the 
hyperviscous liquid must be [ which are used in the space 10 / the liquid and nonmiscible ]. 
[0073] 

The further alternative of the liquid restraint means 510 about it is constituting from a mesh. The 
uppermost surface of a liquid is divided into two or more copies of area with small each in this 
method. The surface area for two or more of these copies is equal to the opening of a mesh, and 
since generation of a big surface wave by that cause is suppressed effectively, generating of the 
big surface wave which is made by resonance and checks a projection system is avoided. The 
effective pressure release mechanism which carries out projection system protection in the case 
of crash is brought about by a mesh by making possible the liquid flow which passes along the 
opening. 

[Work example 6] 
[0074] 

The 6th embodiment shown in drawing 10 and drawin g 1 1 is the same as the 1st embodiment 
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except for the contents of the description below. The 6th embodiment uses some of proposals in 

an above-mentioned embodiment 

[0075] 

The immersion liquid 1 1 is confined in a field under a projection system in another embodiment 
by the seal member 12 which surrounded this and has been arranged under the last element of a 
projection system. 
[0076] 

A gas seal between the seal member 12 and the substrate W is formed from a feed port and a 
derivation port of three types. A seal member generally equips the derivation port 614, the feed 
port 615, and a pan with another feed port 617. these — most near projection system PL — the 
derivation port 614 — the derivation port 614 — the feed port 615 is immediately arranged 
further in the distance most from another feed port 617 and projection system PL outside. The 
feed port 615 changes from an air bearing by which gas supply is made to two or more derivation 
holes 620 in the surface of the seal member 12 facing the substrate W via the annular chamber 
622. A role of both making possible a flow of air to derivation port 614 direction which helps for 
power of air of slipping out of the derivation port 620 to carry out the seal of the immersion 
liquid confined in a local field under projection system PL to a thing of weight of the seal member 
12 for which a portion is supported at least is made. The purpose of the chamber 622 is for the 
separate gas supply orifice 625 to supply gas by a uniform pressure in the derivation hole 620. A 
diameter is about 0.25 mm and the derivation hole 620 has about 54 derivation holes 620. even if 
there is a difference of a size of order in flow restrictions between the derivation hole 620 and 
the chamber 622 and this is the small number 625, i.e., one main supply orifice, — the derivation 
hole 620 — a uniform outflow from all is enabled. 
[0077] 

The gas which escapes from the derivation hole 620 and comes out flows into both the inside 
and the outside radiately. The air which flows inside radiately from the derivation port 614 is 
effective in forming the seal between a seal member and the substrate W. However, when the 
flow of air was further brought about by the further feed port 617, it turned out that a seal is 
improved. The passage 630 is connected with the gas source, for example, the open air. The flow 
inside [ radiate ] the air from the feed port 615 is effective in drawing gas further toward the 
derivation port 614 from the further feed port 617. 
[0078] 

It is made for the ceiling flow of the edge of the innermost part of the slot 633 and the gas 
between the derivation ports 614 to be homogeneity certainly in the whole periphery. [ slot / 
which was established in the end (not being a continuous separate feed port) of the passage 
630 / 633 / annular ] Generally width is 2.5 mm and a slot has the same height. 
[0079] 

A radius which is illustrated is brought about and the edge 635 of the innermost part of the slot 
633 makes possible the smooth flow of the gas which goes to the derivation port 614 through 
the passage 630. 
[0080] 

In the derivation port 614, although height is only about 0.7 mm, width has the 6 to 7~mm 
continuous slot 640 again. About 90-degree sharp edge is brought about, and the edge 642 of 
the outermost part of the slot 640 is accelerated so that the flow of gas, especially the flow of 
the gas from the further feed port 630 may heighten the effect of a gas seal by it. The slot 640 
has two or more derivation holes 645 which are connected with the annular chamber 647 and 
which are therefore connected with the separate derivation passage 649. In two or more 
derivation holes 645, a diameter is about 1 mm and, thereby, the waterdrop which passes through 
the derivation hole 645 is subdivided by smaller waterdrop. 
[0081] 

It is possible to ac|just the liquid removing effect of the seal member 12 with the regulating valve 
638 connected with the further feed port 61 7. The valve 638 is effective in adjustment of the 
flow passing through the further feed port 61 7, and this changes the liquid removing effect of the 
gas seal passing through the derivation port 614. 
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[0082] 

The diameter of all of a seal member is an about 100-mm thing. 
[0083] 

Drawing 1 1 is a top view of the seal member bottom of drawing 1 0 . As shown in a figure, the feed 
port 615 is provided as two or more separate introductory holes 620. Since the slot as an air 
bearing has the capability (based on the compressible characteristic of gas) for change to be set 
up in such a system, this has the strong point in the feed port 61 5 of a main to using a slot In 
the introductory hole 620 of a small diameter, since the gas in it is the amount of low, it is 
seldom afflicted by the problem produced with the capability. 
[0084] 

The further feed port 617 of form of the slot 633 may be used in order to make possible a flow 
of gas which continues in all the circumferences of the seal member 12 which were not 
necessarily possible, when using only the separate introductory hole 620. Supplying the 
derivation port 645 as a separate component does not pose a problem by supplying the effective 
slot 640 like the chambers 647 and 622 stabilizing a flow. 
[0085] 

A feed port of a liquid is not shown in the seal member 12 of d rawing 10 and drawing 11, A liquid 
is supplied in a method shown in the above-mentioned embodiment, and a similar way, or 
derivation ON of some liquids is carried out as the European patent application number 
03256820.No. 6 and 03256809.9 are indicated. 
[Work example 7] 
[0086] 

The 7th embodiment is below similar to the 6th embodiment except for the contents of the 
description. Drawing 12 is a top view of drawing 1 1 and the seal member 12 similar bottom. In 
drawingJ2, although the further feed port as shown in the 6th embodiment is not established in 
the seal member 12, adding arbitrarily is also possible. 
[0087] 

The seal member 12 of the 7th embodiment is formed of the introductory hole 720, and 
comprises the same gas bearing 715 as the design by the 6th whole embodiment. The feed port 
714 comprises the annular slot 740 which has only the two passages 745 and 747 led to a gas 
source and a vacuum source, respectively. The flow of the high-speed gas from a gas source to 
the vacuum source which was connected with the passage 745 by this method and which was 
connected with the passage 747 is brought about. It becomes possible to drain immersion liquid 
more effectively by the flow of this high-speed gas. Dispersion of the flow by the bouncing 
motion of the seal member 12 on the substrate W or the basis of the leakage of others in the 
surface does not affect the pressure of the vacuum chamber which gives precompression to a 
gas bearing by making the flow of the vacuum more greatly restricted in the vacuum chamber. 
[Work example 8] 
[0088] 

The 8th embodiment explains in relation with drawing 14, and is the same as the first 

embodiment except for the contents of the description below. 

[0089] 

The 8th embodiment has the seal member 12 provided with the feed port 815 and the derivation 
port 814 like the first embodiment so that it may understand in drawing 14. However, it is 
arranged by the bottom of the derivation port 14, or the slightly radiate outside of this so that 
the gas jet which gathers the speed of the gas on the field of the substrate W may be made, and 
another feed port 817 is established [ **s ] in it, and immersion liquid is more effectively 
removed by it from the surface of the substrate W. The further feed port 81 7 has an exit brought 
about by the nozzle led to projection system PL toward the substrate W at the angle which goes 
to the radiate inside. The laminar flow (Reynolds number is about 300) between the feed port 
815 and the derivation port 814 which cannot follow and cannot remove the last several 
micrometers liquid film from water and which has a velocity distribution of the shape of simple 
radiation at the zero speed on a substrate face is improved. It is because the gas which has 
more nearly high-speed air velocity is enabled to contact a substrate face by the further feed 
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port 817. 
[0090] 

the nozzle exit of drawin g 14 to the further feed port 817 — the radiate outside of the derivation 
port*814 — however, it turns out that it is provided near the derivation port 814 rather than the 
feed port 815. 
[Work example 9] 
[0091] 

The 9th embodiment is shown in drawing 15 and drawin g 16, and this is the same as that of the 

first embodiment except for the contents of the description below. 

[0092] 

In the 9th embodiment, the mouth of the derivation port 914 in the bottom of the seal member 
which faces the substrate W is corrected so that the speed of the air into the derivation port 
914 may be gathered. This can be reached by reducing the size of the mouth of the feed port 
914, maintaining the passage of the derivation port 914 at the same size. This is attained by 
providing a smaller mouth by elongating the material of the seal member 12 toward the center of 
a passage, and forming the additional component 940 to the outside, and the additional 
component 950 to the inside. The additional component 940 to the outside is smaller than the 
additional component 950 to the inside, and its gap between these two components 940 and 950 
is about 20 times as small as the remaining portion of the derivation port 914. The width of a 
mouth is about 100 to 300 micrometers. 
[0093] 

In drawing 16, further another form of the 9th embodiment is shown and the further feed port 
917 similar to the feed port 817 in the 8th embodiment is formed here. However, the further feed 
port 917 brings about a jet almost parallel to the field of the substrate W in this case, and the 
gas which goes into the mouth of the derivation port 914 by that cause is accelerated. 
[Work example 1 0] 
[0094] 

The 10th embodiment is shown in f&amngJTjind this example is the same as that of the 1st 

embodiment except for the contents of the description below. 

[0095] 

In the 10th embodiment, liquid removal efficiency is improved by gathering the gas velocity on 
the surface of the substrate W according to the same principle as the 8th embodiment. The gas 
which comes out from the feed port 1015 and moves to the radiate inside toward the derivation 
port 1014 passes through the bottom of the annular slot 1018. The effect of a slot is that gas 
goes into the slot in the radiate outermost part, and comes out in the direction of the substrate 
W with an angle in a radiate medial surface so that it may illustrate. It follows and the increase of 
the speed of the gas on the surface of the substrate W and liquid removal efficiency are 
improved at the entrance to the derivation port 1014. 
[0096] 

Even if it is a future of which embodiment, it is some of other embodiments, or it is clear that it 

is usable with all futures. 

[0097] 

As mentioned above, although an embodiment of this invention was described in detail, it is clear 
for a person skilled in the art that shape can be taken by other methods, without deviating from 
the range of this invention. This detailed explanation is not the intention which restricts this 
invention. 

[Brief Description of the Drawings] 
[0098] 

[Drawing 1]The lithography projection apparatus in the embodiment of this invention is shown. 
[ Drawin g 2]The liquid reservoir of the 1st embodiment of this invention is shown. 
[Drawing 3]It is an enlarged drawing of the portion of the liquid reservoir of the 1st embodiment 
of this invention. 

[Drawing 4]The liquid reservoir of the 2nd embodiment of this invention is shown. 

[Drawing 5]lt is an enlarged drawing of the portion of the liquid reservoir of the 2nd embodiment 
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of this invention. 

[ Drawin g 6]It is an enlarged drawing of the liquid reservoir of the 3rd embodiment of this 
invention. 

[Drawing 7]The liquid reservoir of the 4th embodiment of this invention is shown. 

[Drawing 8]It is an enlarged drawing of the portion of the liquid reservoir of the 4th embodiment 

of this invention. 

[Drawing 9]The liquid reservoir of the 5th embodiment of this invention is shown. 

[ Drawing 10] The liquid reservoir of the 6th embodiment of this invention is shown. 

[Drawin g 11]it is a top view of the seal member bottom of the 6th embodiment. 

[Drawing 12]It is a top view of the seal member bottom of the 7th embodiment. 

[Drawin g 13] It is a sectional view of the liquid reservoir of the 7th embodiment. 

[Dr awin g 14]It is a sectional view of the liquid reservoir of the 8th embodiment 

[Drawing 15]It is a sectional view of the liquid reservoir of the 9th embodiment 

[Drawing 16 ]It is a sectional view of the liquid reservoir of the modification mode of 9th another 

embodiment 

[Drawing 17]lt is a sectional view of the liquid reservoir of the 10th embodiment 



[Translation done.] 
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[00 1 3 ] 

[0014] 

T. *HSBKffi^I)SSn5. Ltf, iBO»*«ttJ'7fi.li > 30 
- ±I2SI&i/XxA©«i||^?£±fa«ffix-7;l/H©±fax^-x©'>& < 
© SP # K » o T fa ft L - fl m # t , 

[00 1 5 ] 
[0016] 

X"?--X*Hty, RJg, ft73©> t L < tt fife © # © ^ f ft A^ © Hfl )\> - 40 
7 s « * £ f Av * * V> tt , WAtfuaoJBtt, $ftB7'<-^0-j!iti' KCiO^Ti* 
ft LfcfcttOH CT^4^iB« t> RjfflT'&So — ;b SP $t A* IS tT^ft^in, 

[00 1 7 ] 

»*L<tt, tfX->-;HSli, £ *> - ;l/»tf * t 5 # X ^ 7 U V V X' & 5 . £ ft 
Us «ftttl6i/ 7.x A©|5|-gp#A^ ^7'Jy^l:, f IT, ft K X f A © « « * ? t 
SfiH©X^-Xfc:fctt3Ktt©->-'jyy©5!£KffiJBRTAE-l»*!K ttitit) 

[0018] 50 
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APtt±Efi»i'^TAO«tt^&K»-^X#aiP«fct)t«6K*Hllli:Efllsn*o C 
©.fcSKLTtfXS'-yWCfcttStfXW^nartlltCfat, gfcjajSWKiSftfcitU&fe 
3 0 <:©ii£, #x '>-;l/?gtt#fiJ»c, SStcftft Lfc^-;b^#©ffiK^/j!i2nfc5ll 
-^x«ttip^$e,tc{ix,m-* , x«mpfc<tD : m-*"x«ddptiA"x«AP<Diliatc 

o 

[0019] 
[ 0 0 2 0 ] 

K«Btt, »-^x»ffipfc^«iKatia^ffiOx-ys;i:TKJ'-;l/aJ»OKiBoaP» 
OU^;l/4Soa5»»CSLTSil8?i*«6lLijlT^S. C tilt . X ^ - 7. ft K 
^^*^C^fei.JI^OpSA ,i WAP<OT<DE73COpgi;fi!?iJlc^^n5J:ati:-r^c 20 

zmmr z c ttf»imx°3r>Zo c n * wr gg t r s t & gij © # a a , s-arxtuapsfctt 

SZ^X#WPt« - 7.»APra^ffl<Dg|3»tDb^;b^ffiC»^0g|5^lcWLT^^5/-c*£O 
[ 0 0 2 1 ] 

xit t RjtgT*&£-7j> #X«APfc£ #X#ftPli«1£±©^--;Ug|5tt©iS££ 30 
[ 0 0 2 2 ] 

£SfcWfiJ&7a-^ + {i, *ZOa!n*^^»AP©1H«K^9K»E-r*S«T* 
**APfcEl*n*£?Ul«#-l»*a. 
[ 0 0 2 3 ] 

C n « , #**APfc*tf#**ffiP*«J***©fc#il5£Ti&9, >JXlAa©§^ 
[ 0 0 2 4 ] 40 

* , ^ S ft ffl T- y 7 ® {* £ !l t Si ty <}: •? , fro/S5^ti«7J'-;l'»a* 
SO^X^l7^-xtA50*K±t5J:3, R -> - ;U # i: M *" X - A/ ? ® © ©J 
Kft6KifiOBtOHO?+?'7'tt/h?^i:i:*iiS Lt\ - ;U SB # © T K ffi # * §1 
fjA€y^g^ffli:^n^ifUtiirAx©}jitni:©P^©/^yxii: < j;oTi:'3t3^S^t^ 

[ 0 0 2 5 ] 
[ 0 0 2 6 ] 
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ffi * ft o T ts *) , ififtOSftn^ftKSit&ffitcfcttSM^* h© g $r ffi fl $ « '> & < £ 
[IS 1 ] 




[ 0 0 2 7 ] 

Lttfff 5tl^I3i5;W1-«„ t%t>%, X ^ - X & 5 l,> « U -If - A « g ± gff T* x > 

^a-Xfn, yif-/<ii**-p»ftinTv^. ^n«, m^o^f^rt ( ?i us w ic ff j»J 

**»6T*«. S/-;l/»*f ^fi^JR^KWLTftff-r 5 i: ffi * U Si til 5 ft < T ti * 

'>-^asttK»-r**»*?©ffi»Iif^oillIK«»*?ii:*»^* 20 

[ 0 0 2 8 ] 

CCT, StttfltlftS'^f-AttS 6fc, Mj£tt«SS~>Xr A C *5 1* S g± 
[ 0 0 2 9 ] 

L fr L , *7>yS'a©IBfc:g»SS ; F'\<DiIffi*lsliffi-rsfc«K ftfeA^offi^«C(DX^- 
[ 0 0 3 0 ] 30 

Stefc^T, jmHiiJ?S©Bri:5ttKJ:»)E*l»»«li6*«fefc6*n«o 
[ 0 0 3 1 ] 

- SJ«^->7.7 L A^ffl^T)!SMSS8cD}SKe-A^«*&-r5Xx->'7 , i:, 

ft, 40 

T' & o T „ 
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C» 2 ] 

J ZLVrjL y 



0*ft08ftn*|q|»!:SlI4B5Jc*V'»T*/hOKB5l!Iia*lrLT*'3» l lT\ AVtt^lHI 
ijttK*"<-Xfcfctt**tt©ll&*-e*»K ^ L T A P m a x «:S«*liiS?±<D 

- ana^afc* 9tr«{*©«©b£*»im l, K«{*©E*j*«ii»*-e* c t io 

[ 0 0 3 2 ] 

ft ? © T* & & , C3lft81*'fflO^<OfflJlE6^TfefiIiiIII6 , P$5CJ:BW» 

m \c a ffl ? n i# 5 o c5tfcfitf«*ffl»»cfevTa:» *xicT«iLft r u * * ^ j , 
r-^xMj . r^vj t v-» r> fc jb IB a * *n^ft rvx^j . rs^j , rs«as#j t 
i/^fc, J;D-ll«6llili:iS»iTllfflSnS«ci:(iSlig«»B09nii:l:t3 
TS§5^7$5« 20 
[ 0 0 3 3 ] 

4l>tttf e-ii:^t)ftJ:9 4S!?e-LO*4 5f . SR ft « ( W * «\ 3 6 5 n m . 
2 4 8 n m > 1 9 3 n m , 1 5 7 nm, 85^8 I 2 6 nmCSfi^ttS) 
«>**-r:/©*«»*Hll*»Hf4*,©T**o 
[ 0 0 3 4 ] 

* as Hj§ cd n sg 0ij \z -d ^ x <d m m m m z , ss © 0 m * # pi k » m ^ © 7? s k: & ^ t © & 

[HSS0J 1 ] 

[ 0 0 3 5 ] 30 

C ©»■«:, tt9Jft**«»!»fcfc^TS»m«L A fc«*.fc» Jftl*8£©Si? tf - A P B 
(«H*tfDUVS[»*) StttttiBHtl'/^f AEx, I Lfc, V X * M A ( flH A tf U 
*«JSt57^**/I/^-wIA, fro, p°pg P L £*f LTIESiK VX *©{£§ 

;U) MTi, £«w (#ij*.a\ k^xFWi/'jny^^) r *»ffijh;i/^*fll 

A , fro, p a H gPL{c>^UTIEfit{c»«(DfiiEHftJ6^ffo^-ffiB}*l6?@ca^^fTo 

W©g*Sg|S#C (0!*.tt\ 10$5^tt^n«±0^-l'*^^5) K*Kit5fi»J/7 
fi ( r U > X J ) PL ( #J A a* 5 & JB ffr U > X ~> X X 20 tKJ:!)*«SnTV>*, C 40 

[ 0 0 3 6 ] 

7 - X L A ( 0ij a X * -> V U - +F - ) aScMCtf-A^fl^tfiTc, COU-AB, 
it 8 W , fi»J A ff IT - L x* X^>^"-E x^l/>o/£«i:-5*3>'r-i''>3-> 

r^mzmwi bfc«e, gaw^^f-A ( i w s t ) i LK«»jhi. msii lb, 

u t e rfcitfo-i nn e r IC ffl S f 3 ) «H£tiHS¥SAM^&l£S. 2 5 fc , 50 
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iwan nt-i&ttKmtom i Ntsxv a c o titbit* 5k* nsoisjrs 

&4ftjft9X$ffl*.S. coiiKLT, v^^MAK!B»f ae-APBIi, ^ £> »t E ic 
[ 0 0 3 7 ] 

0 1 KMLT> V-7L Att'Jy^57-f 8iOM9J'yyrtK*« ( C ft fi ft * V 

- X 7j< $ 5? > 7° T* $> £ Jf £ lc £ l> ) , L L , Uy^77^fiK8I^5HLTiBB 
T3<:i;fcRlt£ IB T£o £©*§£> v-XLAtfttOffi-rtttfae-Att 

(lLftR*57-CJ:()) £ H ft tc g tl 5 . COttOf t'J*Ttt, V-XLAA' 

t5t,OT$5. 10 
[ 0 0 3 8 ] 

fit V T If ^- A P Bli77*f-7;l/MT±l:«JS3tlT^5v7*MAl:Aiit«. e 
-AP Btt^;OMA*«KTLTS«W©B«i5#C±»Cl£-AP B(Dfcj£i*£to-&*U 

yxpL^aji-r^o mr{ana46¥g (*j:ff=F»inii¥ai f ) ic £ o , a & x - 7 

^WTtt, ft * A P BO«Blcfe{t5SftSII»»ctffiIt^t)*5fti6li:iE 

MA*«tt«Ktt*Lfc»fc» & « OMi j£ 4 S Si O n K , e-APB0«Bfc*fLTV* 
fMA«riEfilKfflBj*i6r««l:3U:ffifflRnilT«*. -ftWK, * 7* x 7 h • r - 7;U 
MTSitf^7->'i^h •7-7;l'WTOHliDyir7hD-*ti; 3 -A ( ffl » ft B 
i**) 8itfJ'3-hXFn-HJ'a-A (fkttttlfttt) iCTfrtottSo en lc o ^ 20 
T tt 0 1 IC HJ! * * fx o T </> * ^ „ LfrL, ^iaXt7/^1& (Xr^7yFX + t 

[ 0 0 3 9 ] 

- 77?^t-FC<J^T, V**f--7/l/MTtt**WlC»lL#ttK«;/iftT^*. 

?tt, vx*o«±(t*«iiaoff» (tfttJ'Si bo r 7 5 'y v a j ) ?• a n $ # c ic 
§ s fli a3 77 c ft tr - a p b k J; ») if <* n f# s . 

- x*-v>*-K£fct/>T> ^7- y * # 2 n-s il, cc-vit, 30 

Bf3tOi«»77Cttl|Hl© r 7 v -7 a J TliBJtSnft^. to o T , V X * r - 7 7b 
MTtf, XKvtCTUfJgTErA (V>tol$£ r^4^(fi]j , ft*.tfy#|R|) £ 3 $J W tg T* & 9 

iijev = MvT', wi— ^laubs^ttsw^riftucaftt*. c:?, Mttu^xp lo«$ 

[ 0 0 4 0 ] 

o «(* U If-/* 1 0 »A/#tH**hl 3 LT, ft*.tf*?*4J:$ftJt«W 

Kva«r***r-r**f* 1 iff«ft«hT^*. ® <* © $ nu* , aiee-Aottfttttfg 40 
RifliKr 5 c t ic&So aS'>x7Ao»itPistt, i: 0 toits^ e- acd&s, 

[ 0 0 4 1 ] 

U if - 1 oii, SIB*>*7-A©-ry-s>7*-/i/K0$toOfc*«K:ttr*#Stt5' 
-/^SSLTfeO, »fiaffifcSK*>*7'A0«|*ll6?|H|©X^-;**dl&a < J:3K:« 
fttfMC&to&nTbtt. 'J1f-^ttfi8'>77AP LOg»3R70TT, CftSrH/uT* 
BI«ftfty-*Ml 2^6«fiK*tiTV>*. BftffjSI'/^fAOTOJ'-^ltf l 

2rtox^-xicAn^n5„ c n t -> - ;n» » 1 2«jsf ->7,7Aoi$iif^'>Li 50 
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^tftiLtfc^ mm a m&m? $ -v ? r m# <o v 7 7 ft t> ft. <b •$ t\ z o 

■6 0 t-a-r s nm*M its u , fit, « -eta v. jswk^^t, aa» 

[ 0 0 4 2 ] 

ft ft , •> - ;i> SB # l 2©jKWfcSfiw*ffilfflo*x*>-;ui emjcoTUlf-^JcBB 

L < tt N 2 t»L<ttfao^gtt^XKJ:D»J««n4. C 5 LfctfJUi, WAP 1 5* ft 
LTi/-*«ttl 2 t SSHCD^ +• v 7 K in E T T* {ft & 2 n, IB-»fflPl 4 K «fc 0 tti 10 
Jfti. *'XiAPl 5 'x © 51 E , S-llllPi 4»ISL"(;l/ < *3SLXf¥*v7<Di>* 
^ hUtt, fttt*P^ 3 rtfflS'MOiS aoaaSK*«4 C S J: ? KIMS ti5. :n?l 

[ 0 0 4 3 ] 

OSfcOlCX^-X^toTliL/i^J^^^^^ h (conduct) K J: U , f nftlS 
-WAP 1 5tm-WWPl 4KiaLT^i. WAP 1 5 fcffflP 1 4(i, S'-jUBtf 

TibZo ~>-;Ug]3*nc A# &H#© < i3f&# WAP i: «t±IP&* KKtt ft, 
F * AS £ t 4 o x % > - ;Hi ^ X ^ 7 'J y f t LtffffltS C t IC j; t> > s/ - * ffi # 1 2 20 
5:S»tU Mc *5 T W T* & 3 = 
[ 0 0 4 4 ] 

ifXlAPi 5 © ft tb 5 ¥ * y 7 G 1 tt , ftHfcfafr3aai©i!f£ftfc:*tUTgfii* 
# * 5 <£ -5 £ /J> £ < > O fi ^ S 3 tftff $ L l> A', *;>f Uf nS5^S«*V\ 5/ - 
;!/SB*fO**>?)0^»0/h«*^tJ:t)«J«*nfcllAPl 5©¥R±a$©*>-v7"G 2 

-;l/*I5^XOin«3 V hD-yl/t5J:5KlSi!Sn5 0 ^t'^G 4 « H £ © # fli 

tfffii(t505:SS<'J;^ fro, £ « © ft ft # A o T X$ * & If 5 © Z ® M T Z «fc o , 30 
[ 0 0 4 5 ] 

Iffl/^yXT'JS. ^+7^iCG5<P5G 4C|£<45i:if £ fl © fit ft 

mt z t tc ct o t, ftf*©»i*«#c ©««£&*) , fie^xfAPLTTfifitfKi 

[ 0 0 4 6 ] 

*t7^G 3 <Z> It -f X 33 «fc t>* V * * F'JO*46f, G ZK*tf59AatG 4 (C & 
SifiiP^OE^itf 1 6£jl£>;b*X©iJfE*£&£L, C©E*jMf±*ftW&g|$E 

iil(cSfoti*SSn5o - 3? , ^t7/G30SJA , S<, G2Ktilt5J6 3fE** 5 G 40 
4 fciBW-SlfiWE*© 2«T»**»^, i>4!)0»l4 , l*6h5. £©*§£, #7.jlfi 

[ 0 0 4 7 ] 

A" X W ft & fi , «7f AESKKTiSfrt^tv^G 4tA6«T, f LTI$->Xt 

K^nrmTftio #x 5/-;l/©E*«Btt, litfifft 5 £ f Ssjgic «fc r> 5n5 
G5*iiSjSf**«|||t«E«|S-&«fc«)ttffl^6n5o 50 
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[ 0 0 4 8 ] 

*zr£vmffi*t>fct>t zoicmmztiz^zx-ioSo s it , # x © « n a » « <* * m u 

[ 0 0 4 9 ] 

1 OEfllfttS, 
[ 0 0 5 0 ] 

# x ->-/!/ l 6 ti - ;!/ SB # 1 2££f#?-£© K + #£*t2©^£ ft Office ttfpj io 
tf i 2*8«jGrflie/W7x-ra&gtfabSo -> - ^ as # 1 2a, v> -f n © « £ t* 1, , « 

tc i ic m < o 

[HS&0IJ 2 ] 

[ 0 0 5 1 ] 

0 4 43 H 5 E*^TS 2 flS&tflJ** t H 2 H fig K « <D ft g £ R£ 

[ 0 0 5 2 ] 20 

c oimmmtis^T » £ - # x » a p 1 4te»LT, # x ju a n 1 5 © a v ii t n - 
*^*ap2i6^Rtt6ns. c © # a t * v t , ^H©)tfifi^e.^ii'\**x#xpi 

5 5 ffi HI 5 # X tt , H3£y-X»cBISLfc3S-tlttiP2 1 6Ki DR^ltf 6fl5. 
C ©J; ? fC LT, #7>tf, 0iJa.«f I F$>fi-S!® , K fcSWi, SE->^f Lt5Atf/Sf:tt 

Kits, 

[ 0 0 5 3 ] 

2 o © n x # m p * ffi ffl -r 5 * ^ ss #j (D m © % o js a » c © is it 1* u v 7* 5 7 * & ■ ic $ 

[ 0 0 5 4 ] 

- )\> SB ft 1 2©JKffifc««Wia©i6li*aiJ£rsfc«>» * * ^ tt , S « W © ± S © h 

# n s; - * ft- m 1 z 46 , mthic-tyy-wmifznzo #xj§AP*5<tt>*#ap©i 4 

l l*fflU&46SE;ftP2i:, S/-;bSStti2;fc3E*fr5EflPife«fctfP 
3^^x5, J: o T , -> - ;V SB ** 1 24:*Siwmi©E*D*<aA6n*^, U<li-^ 

©EKtciiWF* n*= ra-»»#a*^>-;i/»*r 1 2 ©ffi**t 8f s©icteffl£nt# 40 

[ 0 0 5 5 ] 

0 5 « , U 2fc, ->-;UgB#i2££&-f3E*iP3* 

o » 2 51 Sfi W T tt , E 7J P 2 *5 ±[f P 3 £ gij 4 K ffl Of 51 fig IC b T , Kit* <D * > 7* 4 is a 



(14) 



JP 2004-289126 A 2004. 10. 14 



$ £ n S « c 5 L £ 95 # £ ti , ^-A^lffipi 4t, 3tttK«feJfi^S/-;l/»«l2© 

X »/ Hfl (D g|5 # 2 2 0 , # X # A P 1 5i:^-**X#HlPl 4ra©gl5#2 3 0, fit, 
$-i)X|ti)P2 1 6 tfiXmXa 1 5H<DgP^2 4 0^#ty o C n £ <D g|3 # fi > 0>J 

Ei7^ai-^ffflu> s « w -n 14 , ^oa«w^5Jin*35ri^K:ttff*n*. 

[ 0 0 5 6 ] 

# X « A P 1 5CTTff OttSnSEAP 3 a, # X af A P 1 5 t91iP?n3^X<OE 10 

»-#x»tHq 1 4fe«fct>*^-^xwtbp2 i 6*-n€mcEPfin£n5;tfx©E 

iciDftt^ns, S fc , tfXfcAPfctfxatHPIWWTk^Eli&Mfc-S*.*. 
[ 0 0 5 7 ] 

f-/HJ»l 2£0lJliE^]P 3lc<toTMiE2ti. * n £ J: 0 i/ - ;l/ flt ft 1 2 fi x 
/NW6^6©ffiItD*SS^-r*. D©iS'>«P3©ig;&nfcft»?, D<Dfg;!nHiP3©M'>i:ft 

[ 0 0 5 8 ] 

E*P3K:J:5-£©J¥LttiLati:T, ISlDIi, Ej]P4, P 5 , 6 i tf P 6 Ki o 
Tm&(D&.vjmt-£hZ>o LfrL, P5, P6, 43<fctfD©ffl*^fcH£»i, Utf-XKjR 20 

ttEJT®tt©»«ftW«J&lT*&'K P L i Q K*tt*E*«>«HT»fe*. P L i q 

P 2 iD t.**i«^^, K f* <i 'J If - ^ *» & & Hi « o S fc , P l i q ft P 2 «fc *) t /Jn t£ 
^ i§ it lc it 0 $ L £ 2" 3 St & # « & ic fg 4 T 3 . «#fc5KiS#BSIifc:a**^.fc9, 

2 £ P L , q &>)t>fr?frlz>b-$^<Blcm%LT^<&oicT5><lttfmiiiL^o L 
< tt , CtltttTSSDlCi^jSn^o S» 2 2 0 MxaWHOIID I^SJlSk 

a£L<ttl0jim?fc*. Cfttt, 1 00 Vtti<D*-^«)»ltE*tt5El7* 30 
[ 0 0 5 9 ] 

36 5 V> It , gR#2 3 0©MKE«^?£KB-fSC£K:.J;*K Sttm-TCl tCDt±i5i5S 
SttfifcHSfSCfctfRTJU-eftS. SgHD 2^Sx5ctiiE*P 2*^*3© 
T-feSo Lfr I, £©«?&*£&, £ftD*«tRfTSfc46K:» i/XlAOl 5 K *5 It S E t> 

[ 0 0 6 0 ] 

$> *) , P2£cktfP3©{B*©!llg£l£ffl-t3C£&Rl^T-&&o P2t5<tO : P3^RlTa 
©ffiKS*.*^, E*P 4, P5, <fc P 6 i: , EiD 1, D 2 , ^J;tfD35tT 40 

[ 0 0 6 1 ] 

ft is k , mznmmit, u+f-^i o©$ft»©7^r^7Mtc:fctt3<gfl?K:#K:w 

© ® f* £ £ T' 3 ^ ft tc <fc 9 -> - ;1/ SB 1 2 £ £ & T § & £ # X - ;U 7 7 t 7 
t'S5tV>i«lT'fe59. SfiW*'EI?nftfl, » # # U If - 1 ofitiA^ns 

W**. «»«fi©«JtaKU1f-^l 0fiO«t#*i?!0»j!l»n5. fc 

t>* . m t ?g # js * n r v^c si « r a* f ct 3 tc ** x - ^ *< m m 2 n * < r u * 5 

ft V . ±iSLfcJ:5lc^»P3*t(UfL4 4<6, « * fi , P 2*gA5LiCJ;oT82 50 
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T x P 5 33 £ P 6 ( O & H ft if •& » & S i/> «: j§ ^ T' & S if £ , P4t) ^litSili: 
[ 0 0 6 2 ] 

■ 6KStJ:ilC, 2 *H0llOttirS, ft 5 2 h ft SJSB9 h L T» S - # X # ffl 
PI 4€fil (JS^v'XxAO^WtC^etCifiV) , ISfiWKffiLfcS'-.rt/»tfl 2 O 
ffitf + *;l/ 3 2 0 *«Rlt6n*, ; 3 L + ^;l/ 3 2 0 {i**7.aSAP*3J;t) : jilWP(D14, 1 

5,216 1 mm <o m & z mt s . 

t 0 0 6 3 ] 10 

f 2 O^S^Silff, E 2l P 3 t « m 4 K E # P 2££;LSc:£tfRjt6T'& 

So & L < ti » 'J+f-^1 0©*ffi«fc0±»OJBBBE'\f- + */l/*IJBPr*iii:K:J:»}> 

«»*©uif-^^6o«(*}B«^^*»)i«i;5nSo f t*^3 2 0 urn® e<d & o % 

tf, 2"H«Sffili:Offl*^t>-&k:*v^TlttWUfc. 2 6ftSftmti> iSXMX 

PI 5*J:tfa!-#XWtttPl 4 ( S fc 35 5 ft S£ O H Jg ffl E « ^ T « 3! Zl ** X * W P 2 1 

[ 0 0 6 4 ] 

lc|6[ffi©^ + *;I/Tfc©9AftSu£tfRrtiT*£So t*;Hi, l*«fei/XTiO 20 

[*SS0IJ 4 ] 
[ 0 0 6 5 ] 

t*jf5o ai 4 fis 0ij a c ta m (o ^ i* n * « <d $ m m 1 1 t c w % e <$ m t s 

C t fe RjtlTfe So 
[ 0 0 6 6 ] 

M 4 H JS 01 lc T , »H<I»-7X • *-sKVJf»£?LJH»v5-y*SB»i:Vofc 
^7LKSPW4 1 0*^. A'XIAPI 5 & t> ft if <b n S o C C T' tt , 77 X » > - )V ffi tf o 
JS M £ & Hi S 0 !?H<a> ^?LRgPMOlSffia^-^gi5tf©l£ffii:|S|- :s Fffi±Kfe 30 
S„ lO^-7X • * - # > ffll » 4 1 0 tt > (COif^fitgWfcfcttS) 
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Lithographic Apparatus and Device Manufacturing Method 

The present invention relates to a lithographic projection apparatus comprising: 
a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means serving 
to pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid. 

The term "patterning meantf' as here employed should be broadly interpreted as 
referring to means that can be used to endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be created in a target portion of the 
15 substrate; the term 'Tight valW can also be used in this context. Generally, the said pattern 
will correspond to a particular functional layer in a device being created in the target portion, 
such as an integrated circuit or other device (see below). Examples of such patterning 
means include: 

A mask. The concept of a mask is well known in lithography, and it incides made 
20 types such as binary, alternating phase-shift, and attenuated phase-shift, as well as 

various hybrid mask types. Placement of such a mask in the radiation beam causes 
selective transmission (in the case of a transmissive mask) or reflection (in the case 
of a reflective mask) of the radiation impinging on the mask, according to the 
pattern on the mask. In the case of a mask, the support structure will generally be 
25 a mask table, which ensures that the mask can be held at a desired position in the 

incoming radiation beam, and that it can be moved relative to the beam if so 
desired. 

A programmable mirror array. One example of such a device is a matrix- 
addressable surface having a viscoelastic control layer and a reflective surface. The 
30 basic principle behind such an apparatus is that (for example) addressed areas of 

the reflective surface reflect incident light as diffracted light, whereas unaddressed 
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areas reflect incident light as undiffracted light. Using an appropriate filter, the 
said undiffracted light can be filtered out of the reflected beam, leaving only the 
diffracted light behind; in this manner, the beam becomes patterned according to 
the addressing pattern of the matrix-addressable surface. An alternative 
5 embodiment of a programmable mirror array employs a matrix arrangement of tiny 

mirrors, each of which can be individually tilted about an axis by applying a suitable 
localized electric field, or by employing piezoelectric actuation means. Once again, 
the mirrors are matrix-addressable, such that addressed mirrors will reflect an 
incoming radiation beam in a different direction to unaddressed mirrors; in this 

10 manner, the reflected beam is patterned according to the addressing pattern of the 

matrix-addressable mirrors* The required matrix addressing can be performed 
using suitable electronic means. In both of the situations described hereabove, the 
patterning means can comprise one or more programmable mirror arrays. More 
information on mirror arrays as here referred to can be gleaned, for example, from 

IS United States Patents US 5,296,891 and US 5,523,193, and PCT patent 

applications WO 98/38597 and WO 98/33096, which are incorporated herein by 
reference. In the case of a programmable minor array, the said support structure 
may be embodied as a frame or table, for example, which may be fixed or movable 
as required. 

20 - A programmable LCD array. An example of such a construction is given in United 

States Patent US 5,229,872, which is incorporated herein by reference. As above, 
the support structure in this case may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct 
25 itself to examples involving a mask and mask table; however, the general principles 

discussed in such instances should be seen in the broader context of the patterning means as 
hereabove set forth. 

-Lithographic projection apparatus can be used, for example, in the manufacture of 
integrated circuits (ICs). In such a case, the patterning means may generate a circuit pattern 
30 corresponding to an individual layer of the IC, and this pattern can be imaged onto a target 
portion (e.g. comprising one or more dies) on a substrate (e.g. silicon wafer) that has been 
coated with a layer of radiation-sensitive material (resist). In general, a single wafer will 
contain a whole network of adjacent target portions that are successively irradiated via the 
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projection system, one at a time. In current apparatus, employing patterning by a mask on a 
mask table, a distinction can be made between two different types of machine. In one type 
of lithographic projection apparatus, each target portion is irradiated by exposing the entire 
made pattern onto the target portion in one go; such an apparatus is commonly referred to 

5 as a wafer stepper. In an alternative apparatus — commonly referred to as a step-and-scan 
apparatus — each target portion is irradiated by progressively scanning the mask pattern 
under the projection beam in a given reference direction (the "scanning" direction) while 
synchronously scanning the substrate table parallel or antiparallel to this direction; since, in 
general, the projection system will have a magnification factor M (generally < 1), the speed 

10 V at which the substrate table is scanned will be a factor M times that at which the mask 
table is scanned More information with regard to lithographic devices as here described 
can be gleaned, for example, from US 6,046,792, incorporated herein by reference. 

In a manufacturing process using a lithographic projection apparatus, a pattern (e.g. 
in a mask) is imaged onto a substrate that is at least partially covered by a layer of 

IS radiation-sensitive material (resist). Prior to this imaging step, thesubstrate may undergo 
various procedures, such as priming, resist coating and a soft bake. After exposure, the 
substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
development, a hard bake and measurement/inspection of the imaged features. This array of 
procedures is used as a basis to pattern an individual layer of a device, e.g, an IC Such a 

20 patterned layer may then undergo various processes such as etching, iommplantation 

(doping), metallization, oxidation, chemomechanical polishing, etc., all intended to finish 
off an individual layer. If several layers are required, then the whole procedure, or a variant 
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be 
present on the substrate (wafer). These devices are then separated from one another by a 

25 technique such as dicing or sawing, whence the individual devices can be mounted on a 
carrier, connected to pins, etc. Further information regarding such processes can be 
obtained, for example, from the book "Microchip Fabrication: A Practical Guide to 
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing Co., 
1997, ISBN 0-07-067250-4, incorporated herein by reference. 

30 For the sake of simplicity, the projection system may hereinafter be referred to as 

the "lens"; however, this term should be broadly interpreted as encompassing various types 
of projection system, including refractive optics, reflective optics, and catadioptric systems, 
for example. The radiation system may also include components operating according to any 
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of these design types for directing, shaping or controlling the projection beam of radiation, 
and such components may also be referred to below, collectively or singularly, as i 'lens". 
Further, the lithographic apparatus may be of a type having two or more substrate tables 
(and/or two or more mask tables). In such "multiple staged devices the additional tables 
5 may be used in parallel, or preparatory steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. Dual stage lithographic apparatus 
are described, for example, in US 5,969,441 and WO 98/40791, incorporated herein by 
reference. 

It has been proposed to immerse the substrate in a lithographic projection 

10 apparatus in a liquid having a relatively high refractive index, e.g. water, so as to fill a space 
between the final element of the projection system and the substrate. The point of this is to 
enable imaging of smaller features since the exposure radiation will have a shorter 
wavelength in the liquid. (The effect of the liquid may also be regarded as increasing the 
effective NA of the system.) 

15 However, submersing the substrate table in liquid means that there is a large body 

of liquid that must be accelerated during a scanning exposure. This requires additional or 
more powerful motors and turbulence in the liquid may lead to undesirable and 
unpredictable effects. 

There are several difficulties associated with having liquids in a Olographic 

20 projection apparatus. For example, escaping liquid can cause a problem by interfering with 
interferometers and, if the lithographic projection apparatus requires the beam to be held in 
a vacuum, by destroying the vacuum. Furthermore, the liquid can be used up at a high rate 
unless suitable precautions are taken. 

Further problems associated with immersion lithography include the difficulty in 

25 keeping the depth of the liquid constant and transfer of substrates to and from the imaging 
position i.e. under the final projection system element. Also, contamination of the liquid (by 
chemicals dissolving in it) an3 increase in temperature of the liquid deleteriously affect the 
imaging-quality achievable. 

In the event of a computer failure or power failure or loss of control of the 

30 apparatus for any reason, steps need to be taken to protect, in particular, the optical 

elements of the projection system. It may be necessary to take steps to avoid spillage of the 
liquid over other components of the apparatus. 

If a liquid supply system is used in which the liquid has a free surface, steps need to 
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be taken to avoid the development of waves in that free surface due to forces applied to the 
liquid supply system. Waves can transfer vibrations to the projection system from the 
moving substrate. 

WO 99/49504 discloses a lithographic apparatus in which a liquid is supplied to the 
5 space between the projection lens and the wafer. As the wafer is scanned beneath the lens 
in a -X direction, liquid is supplied at the +X side of the lens and taken up at the-X side. 

It is an object of the present invention to provide a lithographic projection 
10 apparatus in which a space between the substrate and projection system is filled with a 
liquid whilst minimizing the volume of liquid that must be accelerated during stage 
movements. 

This and other objects are achieved according to the invention in a lithographic 
apparatus as specified in the opening paragraph, characterized in that said liquid supply 
15 system comprises: 

a seal member extending along at least a part of the boundary of said space 
between the final element of said projection system and said substrate table; and 

a gas seal means for forming a gas seal between said seal member and the surface 
of said substrate. 

20 The gas seal means thus forms a non-contact seal between the seal member and the 

substrate so that the liquid is contained in the space between the final element of the 
projection system and the substrate, even as the substrate moves under the projection 
system, e.g. during a scanning exposure. 

The seal member may be provided in the form of a closed loop, whether circular, 

25 rectangular, or other shape, around the space or may be incomplete, e.g. forming a U-shape 
or even just extending along one side of the space. If the seal member is incomplete, it 
should be positioned to confine the liquid as the substrate is scanned under the projection 
system. ' 

Preferably, the gas seal means is a gas bearing foT supporting said seal member. 
30 This has the advantage that the same part of the liquid supply system can be used both for 
bearing and for sealing the liquid in a space between the final element of the projection 
system and the substrate, thereby reducing the complexity and weight of the seal member. 
Also, previous experience gained in the use of gas bearings in vacuum environments can be 
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called on. 

Preferably, the gas seal means comprises a gas inlet and a first gas outlet formed in 
a face of said seal member that opposes said substrate, means for supplying gas under 
pressure to said gas inlet and vacuum means for extracting gas from said first gas outlet, 
5 More preferably, the gas inlet is located further outward from the optical axis of said 
projection system than said first gas outlet. In this way, the gas flow in the gas seal is 
inward and most efficiently contains the liquid. In this case, the gas seal means 
advantageously further comprises a second gas outlet formed in the face of the sealmeraber 
which opposes the substrate, the first and second gas outlets being formed on opposite sides 
10 of the gas inlet. The second gas outlet ensures minimal escape of gas from the gas inlet into 
the environment surrounding the seal member. Thus, the risk of gas escaping and 
interfering with the interferometers or degrading a vacuum in the lithographicapparatus, is 
minimized. 

The liquid supply system may also comprise sensors for measuring the distance 
15 between the face of the seal member and the substrate and/or the topography of the top 
surface of the substrate. In this way, control means can be used to vary the distance 
between the face of the seal member and the substrate by controlling, for example, the gas 
seal means either in a feed-forward or a feed-back manner. 

The apparatus may further comprise means for varyiig the level of a portion of 
20 said face of said seal member between the first gas outlet and an edge of the face nearest the 
optical axis relative to the remainder of the face. This allows the pressure containing the 
liquid in the space, to be controlled independently of the pressure below the inlet so that the 
height of the seal member over the substrate can be adjusted without upsetting the balance 
offerees holding the liquid in the space. An alternative way of ensuring this is to use a 
25 means for varying the level of a portion of the face between the first or second gas outlets 
and the gas inlet relative to the remainder of the face. Those three systems may be used in 
any combination.. - 

-An alternative way of separating a sealing function and bearing fundbn of the gas 
seal means is to provide a channel formed in the face of the seal member located nearer to 
30 the optical axis of the projection system than the first gas outlet The pressure in that 

channel can be varied to contain the liquid in the space whereas the gas in and out-lets may 
be used to vary the height of the seal member above the substrate so that they only operate 
to support the seal member and have little, if any, sealing function. 



(30) 



JP 2004-289126 A 2004. 10. 14 



A furtheT advantageous feature is for a porous member to be disposed over the gas 
inlet for evenly distributing gas flow over the area of the gas inlet. 

It is convenient to form the gas in and out-lets so that each comprises a groove in 
said face of said seal member opposing said substrate and a plurality of conduits leading into 
5 said groove at spaced locations. 

It is also preferred that the gap between said seal member and the surface of said 
substrate inwardly of said gas seal means is small so that capillary action draws liquid into 
the gap and/or gas from the gas seal means is prevented from entering the space. The 
balance between the capillary forces drawing liquid under the seal member and the gas flow 
10 pushing it out forms a particularly stable seal. 

It is a further object of the present invention to provide a lithographic projection 
apparatus in which a space between the substrate and the projection system is filled with a 
15 liquid whilst minimizing the transmission of disturbance forces between the substrate and 
projection system. 

This and other objects are achieved according to the invention in a lithographic 
apparatus as specified in the opening paragraph, characterized in that said space is in liquid 
connection with a liquid reservoir through a duct and the minimum cross sectional area of 



where A Vis the volume of liquid which has to be removed from said space within timcf^ 
L is the length of the duct, r) is viscosity of liquid in said space and&P^ is the maximum 
allowable pressure on said final element. 

Hiis apparatus has the advantage that the liquid can be completely constrained 

25 such that it does not have a large free surface for the development of waves i.e. the space or 
reservoir is enclosed at the top and the reservoir is full of liquid This is because the amount 
of fluid which can flow through the duct in a given time (time of crash measured 
experimentally) is large enough to avoid damage to the final element of the projection 
system when the apparatus crashes because the liquid can escape through the duct before 

30 pressure in the space build up to levels at which damage can occur. The liquid must escape 
when the seal member moves relative to the final element otherwise the hydrostatic pressure 
applied to the final element during relative movement of the final element to the seal 



20 



said duct in a plane perpendicular to the direction of fluid flow is at leasts 
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raeraber can damage the final element. 

In another aspect of the invention, there is provided a lithographic apparatus as 
specified in the opening paragraph, characterized in that the liquid supply system further 
comprises, on a top surface of liquid in said liquid supply system, a suppression means for 
5 suppressing development of waves and including pressure release means. 

In this way, the development of waves can be suppressed by contact of the 
suppression means with a top surface of the liquid However the liquid still can escape from 
the space in the event of a crash to avoid damaging the final element 

One way of providing the suppression means is through a flexible membrane or 
10 alternatively placing a high viscositjdiquid which is immiscible with the liquid in the space 
on the top surface of the liquid in the space. In each of these cases the pressure release 
functionality is provided by the flexibility of the suppression means. 

Another aspect of the invention provides a device manufacturing method 
comprising the steps of: 
15 - providing a substrate that is at least partially covered by a layer of radiation 
sensitive material; 

providing a projection beam of radiation using a radiation system; 

using patterning means to endow the projection beam with a pattern in its cross- 
section; 

20 - projecting the patterned beam of radiation onto a target portion of the layer of 
radiation-sensitive material; and 

providing a liquid to fill a space between the substrate and a final element of a 
projection system used in said step of projecting; 
either characterized by: 

25 - forming a gas seal between a seal member extending along at least a part of the 

boundary of said space and the surface of said substrate; 
or . . 

providing a liquid reservoir in liquid connection with said space through a duct 

and 

30 - ensuring that said duct has a minimum cross-sectional area in a plane perpendicular 



to the direction of flow of liquid of n 
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AVis the volume of liquid which has to be removed from said space within timtf^, L is 
the length of the duct, r\ is viscosity of liquid in said space andAP^ is the maximum 
allowable pressure on said final element; 
or characterized by: 

5 - suppressing development of waves on said liquid with a suppression means and 

allowing for release of pressure of said liquid. 

Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood that 
such an apparatus has many other possible applications. For example, it may be employed 

10 in the manufacture of integrated optical systems, guidance and detection patterns for 

magnetic domain memories, liquidcrystal display panels, thinfilm magnetic heads, etc The 
skilled artisan will appreciate that, in the context of such alternative applications, any use of 
the terras "reticle", "wafer" or "die" in this text should be considered as being replaced by 
the more general terms "mask", "substrate" and "target portion", respectively. 

15 In the present document, the terms "radiation" and "beam" are used to encompass 

all types of electromagnetic radiation, including ultraviolet radiation with a wavelength 
of 365, 248, 193, 157 or 126 nm). 

Embodiments of the invertion will now be described, by way of example only, with 
reference to the accompanying schematic drawings, in which: 

20 Figure 1 depicts a lithographic projection apparatus according to an embodiment of 

the invention; 

Figure 2 depicts the liquid reservoir cf the first embodiment of the invention 
Figure 3 is an enlarged view of part of the liquid reservoir of the first embodiment 
of the invention; 

25 Figure 4 depicts the liquid reservoir of the second embodiment of the invention 

Figure 5 is an enlarged view of part of the liquid reservoir of the second 
embodiment of the invention 

'Figure 6 is an enlarged view of the liquid reservoir of the third embodiment of the 
present invention; 

30 Figure 7 depicts the liquid reservoir of the fourth embodiment of the pressit 

invention 

Figure 8 is an enlarged view of part of the reservoir of the fourth embodiment of 
the present invention; 
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Figure 9 depicts the liquid reservoir of a fifth embodiment of the present invention 
Figure 10 depicts the liquid reservoir of a sixh embodiment of the present 
invention; 

Figure 11 depicts, in plan, the underside of the sea] member of the sixth 
5 embodiment; 

Figure 12 depicts, in plan, the underside of the seal member of the seventh 
embodiment; 

Figure 13 depicts, in cross section, the liquid reservoir of the seventh embodiment 
Figure 14 depicts, in cross section, the liquid reservoir of an eighth embodiment 
10 Figure 15 depicts, in cross section, the liquid reservoir of a ninth embodimenj 

Figure 16 depicts, in cross section, the liquid reservoir of an alternative ninth 
embodiment; and 

Figure 17 depicts, in cross section, the liquid reservoir of a tenth embodiment. 
In the Figures, corresponding reference symbols indicate corresponding parts. 

15 

Embodiment 1 

20 Figure 1 schematically depicts a lithographic projection apparatus according to a 

particular embodiment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection beam PB of radiation 

DU V radiation), which in this particular case also comprises a radiation source LA; 

a first object table (mask table) MT provided with a mask holder for holding a 
25 mask MA (e.£. a reticle), and connected to first positioning means for accurately 

positioning the mask with respect to item PL; 

a second object table (substrate table) WT provided with a substrate holder for 
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second 
positioning means for accurately positioning the substrate with respect to item PL; 
30 a projection system ("lens?*) PL (e.g. a refractive lens system) for imaging an 

irradiated portion of the mask MA onto a target portion C (e.g. comprising one or 
more dies) of the substrate W. 
As here depicted, the apparatus is of a transmissive type (e.g. has a transmissive mask). 
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However, in general, it may also be of a reflective type, for example $.g. with a reflective 
mask). Alternatively, the apparatus may employ another kind of patterning means, such as a 
programmable mirror array of a type as referred to above. 

The source LA {e.g. an excimer laser) produces a beam of radiation. This beam is 
5 fed into an illumination system (illuminator) IL> either directly or after having traversed 
conditioning means, such as a beam expanderEx, for example. The illuminator IL may 
comprise adjusting raeansAM for setting the outer and/or inner radial extent (commonly 
referred to as oouter and o-inner, respectively) of the intensity distribution in the beam. In 
addition, it will generally comprise various other components, such as an integrator IN and 

10 a condenser CO. In this way, the beam PB impinging on the mask MA has a desired 
uniformity and intensity distribution in its crossection. 

It should be noted with regard to Egure 1 that the source LA may be within the 
housing of the lithographic projection apparatus (as is often the case when the source LA is 
a mercury lamp, for example), but that it may also be remote from the lithographic 

15 projection apparatus, the radiation beam which it produces being led into the apparatus (e.g. 
with the aid of suitable directing mirrors); this latter scenario is often the case when the 
source LA is an excimer laser. The current invention and Claims encompass both of these 
scenarios. 

The beam PB subsequently intercepts the mask MA, which is tald on a mask table 
20 MT. Having traversed the mask MA, the beam PB passes through the lens PL, which 

focuses the beam PB onto a target portion C of the substrate W. With the aid of the second 
positioning means (and interferometric measuring means IF), the substrate table WT can be 
moved accurately, e.g. so as to position different target portions C in the path of the beam 
PB. Similarly, the first positioning means can be used to accurately position the mask MA 
25 with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA 
from a mask library, or during a scan. In general, movement of the object tables MT, WT 
wQl be realized with the aid of a long-stroke module (course positioning) and a short-stroke 
module (fine positioning), which are not explicitly depicted in Figure 1. However, in the 
case of a wafer stepper (as opposed to a step-and-scan apparatus) the mask table MT may 
30 just be connected to a short stroke actuator, or may be fixed. 

Hie depicted apparatus can be used in two different modes: 

In step mode, the mask table MT is kept essentially stationary, and an entire mask 

image is projected in one go (i.e. a single "flash") onto a target portion C. The 
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substrate table WT is then shifted in the x and/or y directions so thata different 
target portion C can be irradiated by the beam PB; 

In scan mode, essentially the same scenario applies, except that a given target 
portion C is not exposed in a single "flastf\ Instead, the mask table MT is movable 
5 in a given direction (the so-called "scan direction", e.g. the y direction) with a 

speed v, so that the projection beam PB is caused to scan over a mask image; 
concurrently, the substrate table WT is simultaneously moved in the same or 
opposite direction at a speed V= Mv, in which AT is the magnification of the lens 
PL (typically,M = 1/4 or 1/5). In this manner, a relatively large target portion C 
10 can be exposed, without having to compromise on resolution. 

Figure 2 shows the liquid reservoir 10 between the projection system and the 
substrate stage. The liquid reservoir 10 is filled with a liquid 11 having a relatively high 
refractive index, e.g. water, provided via inlet/outlet ducts 13. The liquid has the effect that 
the radiation of the projection beam has a shorter wavelength in the liquid than in air or a 
15 vacuum, allowing smaller features to be resolved It is well known that the resolution limit 
of a projection system is determined, inter alia, by the wavelength of the projection beam 
and the numerical aperture of the system. The presence of the liquid may also be regarded 
as increasing the effective numerical aperture. Furthermore, at fixed numerical aperture, the 
liquid is effective to increase the depth of field. 
20 The reservoir 10 forms a contactless seal to the substrate around the image field of 

the projection system so that liquid is confined to fill a space between the substrate surface 
and the final element of the projection system. The reservoir is formed by a seal member 12 
positioned below and surrounding the final element of the projection system PL. Liquid is 
brought into the space below the projection system and within the seal member 12. The 
25 seal member 12 extends a little above the final element of the projection system and the 
liquid level rises above the final element so that a buffer of liquid is provided The seal 
member 12 has an inner periphery that at the upper end preferably closely conforms to the 
step of the projection system or the final element thereof and may, e.g., be round. At the 
bottom, the inner periphery closely conforms to the shape of the image field, e.g., 
30 rectangular though this need not be the case. 

The liquid is confined in the reservoir by a gas seal 16 between the bottom of the 
seal member 12 and the surface of the substrate W. The gas seal is formed by gas, e.g. air 
or synthetic air but preferably I^or another inert gas, provided under pressure via inlet 15 
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to the gap between seal member 12 and substrate and extracted via first outlet 14. The 
overpressure on the gas inlet 15, vacuum level on the first outlet 14 and geometry of the 
gap are arranged so that there is a high-velocity air flow inwards that confines the liquid 
This is shown in more detail in Figure 3. 

5 The gas seal is formed by two annular grooves 18, 19 which are connected to the 

first inlet 15 and first outlet 14 respectively by a series of small conducts spaced around the 
grooves. The in-and out-lets 14, 15 may either be a plurality of discrete orifices around the 
circumference of the seal member 24 or may be continuous grooves or slits. A large 
annular hollow in the seal member may be provided in each of the inlet and outlet to form a 

10 manifold. The gas seal may also be effective to support the seal member 12 by behaving as 
a gas bearing. 

Gap Gl, on the outer side of the gas inlet 15, is preferably small and long so as to 
provide resistance to air flow outwards but need not be. Gap G2, at the radius of the inlet 
15, is a little larger to ensure a sufficient distribution of gas around the seal member, the 

15 inlet 15 being formed by a number of small holes around the seal member. Gap G3 is 
chosen to control the gas flow through the seal. Gap G4 is larger to provide a good 
distribution of vacuum, the outlet 14 being formed of a number of small holes in the same 
manner as the inlet 15. Gap G5 is small to prevent gas/oxygen diffusion into the liquid in 
the space, to prevent a large volume of liquid entering and disturbing the vacuum and to 

20 ensure that capillary action will always fill it with liquid. 

The gas seal is thus a balance between the capillary forces pulling liquid into the 
gap and the airflow pushing liquid out As the gap widens from G5 to G4, the capillary 
forces decrease and the airflow increases so that the liquid boundary will lie in this region 
and be stable even as the substrate moves under the projection system PL. 

25 The pressure difference between the inlet, at G2 and the outlet at G4 as well as the 

size and geometry of gap G3, determine the gas flow through the seal 16 and will be 
determined according to the specific embodiment However, a possible advantage is 
achieved if the length of gap G3 is short and absolute pressure at G2 is twice that at G4, in 
which case the gas velocity will be the speed of sound in the gas and cannot rise any higher. 

30 A stable gas flow will therefore be achieved. 

The gas outlet system can also be used to completely remove the liquid from the 
system by reducing the gas inlet pressure and allowing the liquid to enter gap G4 and be 
sucked out by the vacuum system, which can easily be arranged to handle the liquid, as well 
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as the gas used to form the seal. Control of the pressure in the gas seal can also be used to 
ensure a flow of liquid through gap G5 so that liquid in this gap that is heated by friction as 
the substrate moves does not disturb the temperature of the liquid in the space below the 
projection system. 

5 The shape of the seal member around the gas inlet and outlet should be chosen to 

provide laminar flow as far as possible so as to reduce turbulence and vibration. Also, the 
gas flow should be arranged so that the change in flow direction at the liquid interface is as 
large as possible to provide maximum force confining the liquid 

The liquid supply system circulates liquid in the reservoir 10 so that fresh liquid is 
10 provided to the reservoir 10. 

The gas seal 16 can produce a force large enough to support the seal member 12. 
Indeed, it may be necessary to bias the seal member 12 towards the substrate to make the 
effective weight supported by the seal member 12 higher. The seal member 12 will in any 
case be held in the XY plane (perpendicular to the optical axis) in a substantially stationary 
15 position relative to and under the projection system but decoupled from the projection 
system. The seal member 12 is free to move in the Z direction and Rx andRy. 



20 Embodiment 2 



The second embodiment is illustrated in Figures 4 and 5 and is the same as the first 
embodiment except as described below. 

In this embodiment a second gas outlet 216 is provided on the opposite sitfe of the 

25 gas inlet 15 to the first gas outlet 14. In this way any gas escaping from the gas inlet 15 
outwards away from the optical axis of the apparatus is sucked up by second gas outlet216 
which is connected to a vacuum source. In this way gas is prevented from escaping from 
the gas seal so that it cannot interfere, for example, with interferometer readings or with a 
vacuum in which the projection system and/or substrate are housed 

30 Another advantage of using the two gas outlet embodiment is that the design is 

very similar to that of air bearings previously used in lithographic projection apparatus. 
Thus the experience gained with those air bearings can be applied directly to the gas seal of 
this embodiment. The gas seal of the second embodiment is particularly suitable for use as 
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gas bearing, as well as a seal means, such that it can be used to support the weight of the 
seal member 12. 

Advantageously sensors may be provided to either measure the distance between 
the bottom face of the seal member 12 and the substrate W or the topography of the top 
5 surface of the substrate W. A control means may then be used to vary the pressures applied 
to the gas in- and out-lets 14, 15, 216 to vary the pressure P2 which constrains the liquid 11 
in the reservoir and the pressures PI and P3 which support the seal member 12. Thus the 
distance D between the seal member 12 and the substrate W may be varied or kept at a 
constant distance. The same control means may be used to keep the seal member 121evel. 

10 The control means may be controlled either by a feed forward or a feedback control loop. 

Figure 5 shows in detail how the gas seal can be regulated to control independently 
the pressure P2 holding the liquid 11 in the reservoir andP3 which supports the sea] 
member 12. This extra control is advantageous because it provides a way of minimizing 
liquid losses during operation. The second embodiment allows pressures P2 and P3 to be 

15 controlled independently to account for varying conditions during exposure. Varying 

conditions might be different levels of liquid loss per unit time because of different scanning 
speeds or perhaps because the edge of a substrate W is being overlapped by the seal 
member 12. This is achieved by providing means for varying the distance to the substrate 
W of discrete portions of the face of the seal member 12 facing the substrate W. These 

20 portions include the portion 220 between the first gas outlet 14 and the edge of the seal 
member 12 nearest the optical axis, the portion 230 between the gas inlet 15 and the first 
gas outlet 14 and the portion 240 between the second gas outlet 216 and the gas inlet 15. 
These portions may be moved towards and away from the substrate W by the use of 
piezoelectric actuators for example. That is the bottom face of the seal member 12 may 

25 ' comprise piezoelectric actuators (preferably stacld) which can be expanded/contracted by 
the application of a potential difference across them. Other mechanical means could also be 
used 

'The pressure P3 which is created below the gas inlet 15 is determined by the 
pressure of gas P5 applied to the gas inlet 15, pressures of gas P6 and P4 applied to the first 
30 and second gas outlets 14 and 216 respectively and by the distance D between the substrate 
W and the bottom face of the seal member 12 facing the substrate W. Also the horizontal 
distance between the gas in and out-lets has an effect. 

The weight of the seal member 12 is compensated for by the pressure of P3 so that 
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the seal member 12 settles a distance D from the wafer W. A decrease in D leads to an 
increase in P3 and an increase in D will lead to a decrease in P3. Therefore this is self 
regulating system. 

Distance D, at a constant pushing force due to pressure P3, can only be regulated 
5 by pressures P4, P5 and P6. However, the combination of P5, P6 and D creates pressure 
P2 which is the pressure keeping the liquid 11 in the reservoir. The amount of liquid 
escaping from a liquid container at given levels of pressure can be calculated and the 
pressure in the liquid P UQ is also important. If P UQ is larger than P2, the liquid escapes from 
the reservoir and if P UQ is less than P2, air bubbles will occur in theliquid which is 

10 undesirable. It is desirable to try to maintain P2 at a value slightly less than ft Q to ensure 
that no bubbles form in the liquid but also to ensure that not too much liquidescapes as this 
liquid needs to be replaced Preferably this can all be done with a constant D. If the 
distance Dl between portion 220 and the wafer W is varied, the amount of liquid escaping 
from the reservoir can be varied considerably as the amount of liquid escaping varies as a 

15 square of distance Dl. The variation in distance required is only of the order of 1mm, 

preferably 10 \un and this can easily be provided by a piezoelectric stack with an operational 
voltage of the order of 100V or more. 

Alternatively, the amount ofliquid which can escape can be regulated by placing a 
piezoelectric element at the bottom of portion 230. Changing the distance D2 is effective to 

20 change pressure P2. However, this solution might require adjustment of pressure P5 in gas 
inlet IS in order to keep D constant. 

Of course the distance D3 between the lower part of portion 240 and substrate W 
can also be varied in a similar way and can be used to regulate independently P2 and P3. It 
will be appreciated that pressures P4, P5 and P6 and distances Dl, D2 and D3 can all be 

25 regulated independently or in combination to achieve the desired variation of P2 and P3. 
Indeed the second embodiment is particularly effective for use in active 
management of the quantity ofliquid in the reservoir 10. The standby situation of the 
projection apparatus could be, where no substrate W is being imaged, that the reservoir 10 
is empty ofliquid but that the gas seal is active thereby to support the seal member 12. 

30 After the substrate W has been positioned, liquid is introduced into the reservoir 10. The 
substrate W is then imaged. Before the substrate W is removed the liquid from the reservoir 
can be removed After exposure of the last substrate the liquid in the reservoir 10 will be 
removed. Whenever liquid is removed, a gas purge has to be applied to dry the area 
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previously occupied by liquid. The liquid can obviously be removed easily in the apparatus 
according to the second embodiment by variation of P2 whilst maintaining P3 constant as 
described above. In other embodiments a similar effect can be achieved by varying P5 and 
P6 (and P4 if necessary or applicable). 

5 

Embodiment 3 

10 As an alternative or a further development of the second embodiment as shown in 

Figure 6, a channel 320 may be provided in the face of the seal member 12 facing the 
substrate W inwardly (i.e. nearer to the optical axis of the projection system) of the first gas 
outlet 14. The channel 320 may have the same construction as the gas in- and out-lets 14, 
15, 216. 

15 Using the channel 320pressure P2 may be varied independently of pressure P3. 

Alternatively, by opening this channel to environmental pressure above the liquid level in the 
reservoir 10, the consumption of liquid from the reservoir during operation is greatly 
reduced This embodiment has been illustrated in combination with the second embodiment 
though the channel 320 may be used in combination with any of the other embodiments, in 

20 particular the first embodiment. A further advantage is that the gas inlet 15 and first gas 
outlet 14 (and for certain embodiments second gas outlet 216) are not disturbed. 

Furthermore, although only three elements have been illustrated any number of 
channels may be incorporated into the face of the seal member 12 facing the substrate W, 
each channel being at a pressure to improve stiffness, liquid consumption, stability or other 

25 property of the liquid supply system . 



Embodiment 4 

30 

The fourth embodiment which is illustrated in Figures 7 and 8 is the same as the 
first embodiment except as described below. However, the fourth embodiment may also be 
advantageously used with any of the other embodiments described. 
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In the fourth embodiment a porous member 410, preferably porous carbon or a 
porous ceramic member, is attached to the gas inlet 15 where gas exits the bottom face of 
the seal member 12, Preferably the bottom of the porous member is co-planar with the 
bottom of the seal member. This porous carbon member 410 is insensitive to surfaces 
5 which are not completely flat (in this case substrate W) and the gas exiting the inlet 14 is 
well distributed over the entire exit of the inlet. The advantage gained by using the porous 
member 410 is also apparent when the seal member 12 is positioned partly over the edge of 
the substrate W as at this point the surface which the gas seal encounters is uneven. 

In a variant of the fourth embodiment, the porous member 410 can be placed in the 

10 vacuum channels) 14. The porous member 410 should have a porosity chosen to maintain 
under pressure whilst preventing unacceptable pressure loss. This is advantageous when 
imaging the edge of the substrate W and the gas bearing moves over the edge of the 
substrate W be cause although the preload force at the position of the edge might be lost, 
the vacuum channel is not contaminated with a large and variable amount of gas, greatly 

15 reducing variations in the preload and as a consequence variation in flying height and forces 
on the stage. 



20 Embodiments 

All of the above described embodiments typically have liquid in the reservoir 10 
exposed to a gas, such as air, with a free surface. This is to prevent the final element of the 
projection system PL from breaking in a case of a crash due to build up of hydrostatic 

25 forces on the projection system. During a crash the liquid in the reservoir 10 is 
unconstrained such that the liquid will easily give/.e be forced upwards, when the 
projection system, PL moves against it. The disadvantage of this solution is that surface 
waves may occur on the free surface during operation thereby transmitting disturbance 
forces from the substrate W to the projection system PL, which is undesirable. 

30 One way of solving this problem is to ensue that the reservoir 10 is completely 

contained within a seal member, particularly the upper surface. Liquid is then fed to the 
reservoir 10 through a duct from a secondary reservoir. That secondary reservoir can have 
an unconstrained top surface and during a crash liquid is forced through the duct into the 
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second reservoir such that the build up of large hydrostatic forces in the first reservoir 10 on 
the projection system can be avoided. 

In such a closed system the local build up of pressure in the liqiid on the projection 
system is avoided by ensuring that the duct connecting the reservoirs has a cross-sectional 
5 area equivalent to a duct with a radius according to the following equation 



where R is the duct radius, A Vis the volume of liquid which has to be removed from the 
reservoir 10 within time/, L is the length of the duct, r\ is viscosity of the liquid andAP is 
the pressure difference between the secondary reservoir and the primary reservoir 10. If an 

10 assumption is made that the substrate table can crash with a speed of 0.2 m/sec (measured 
by experiment) and AP^ is 10* Pa (about the maximum pressure the final element of the 
project system can withstand before damage results), the required pipe radius is about 2.5 
millimeters for a duct length of 0.2 m. Preferably the effective radius of the duct is at least 
twice the minimum given by the formula. 

15 An alternative way to avoid the buildup of waves in the liquid in the reservoir 

whilst still ensuring that the projection system PL is protected in acrash, is to provide the 
free surface of the liquid with a suppression membrane 510 on the top surface of the liquid 
in the reservoir 10. This solution requires a safety means 515 to allow the liquid to escape 
in the case of a crash without the build-up of too high a pressure. One solution is illustrated 

20 in Figure 9. The suppression membrane may be made of a flexible material which is 
attached to the wall of the seal member 12 or the projection system in such a way that 
before the pressure in the liquid reaches a predetermined allowed maximum, liquid is 
allowed to deform the flexible suppression membrane 510 such that liquid can escape 
between the projection system PL and the suppression membrane 510 or between the 

25 suppression membrane and the seal member, respectively. Thus in a crash it is possible for 
liquid to escape above the safety membrane without damaging with projection system PL. 
For this Embodiment it is obviously preferable to have a space above the suppression 
membrane of at least the volume of a reservoir 10. Thus the flexible membrane is stiff 
enough to prevent the formation of waves in the top surface of the liquid in the reservoir 10 

30 but is not stiff enough to prevent liquid escaping once the liquid reaches a predetermined 
hydrostatic pressure. The same effect can be achieved by use of pressure valves 515 which 
allow the free-flow of liquid above a predetermined pressure in combination with a stiffer 
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suppression membrane. 

An alternative form of suppression means is to place a high viscosity liquid on the 
top free surface of the liquid in the reservoir 10. This would suppress surface wave 
formation whilst allowing liquid to escape out of the way of the projection system PL in the 
case of a crash. Obviously the high viscosity liquid must be immiscible with the liquid used 
in the space 10. 

A further alternative for the liquid suppression means 510 is for it to comprise a 
mesh. In this way the top surface of the liquid can be split into several parts each of smaller 
area. In this way, development of large surfacewavcs which build up due to resonance and 
disturb the projection system is avoided because the surface area of the several parts is 
equal to the mesh opening so that the generation of large surface waves is effectively 
damped Also, as the mesh allows flow of liquid through its openings, an effective pressure 
release mechanism is provided for the protection of the projection system in the case of a 
crash. 



15 



Embodiment f> 

20 The sixth embodiment as illustrated in Figures 10 and 11 is the same as the first 

embodiment except as described below. The sixth embodiment uses several of the ideas in 
the foregoing embodiments. 

As with the other embodiments, the immersion liquid 11 is confined to an nea 
under the projection system PL by a seal member 12 positioned below and surrounding the 

25 final element of a projection system. 

The gas seal between the seal member 12 andthe substrate W is formed by three 
types of in-and-out-leu. The seal member is generally made up of an outlet 614, an inlet 615 
and a further inlet 617. These are positioned with the outlet 614 nearest the projection 
system PL, readily outwardly of the outlet 614 the further inlet 617 and furthest from the 

30 projection system PL the inlet 615. The inlet 615 comprises the air bearing in which gas is 
provided to a plurality of outlet holes 620 in the surface of the seal member 12 facing the 
substrate W via an annular chamber 622. The force of the air exiting the outlet 620 both 
supports at least part of the weight of the seal member 12 and well as providing a flow of 
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aii towards the outlet 614 which helps seal the immersion liquid to be confined to a local 
area under the projection system PL. The purpose of the chamber 622 is so that the 
discrete gas supply orifice(s) 625 provide gas at a uniform pressure at the outlet holes 620. 
The outlet holes 620 are about 0.25 mm in diameter and there are approximately 54 outlet 

5 holes 620. There is an order of magnitude difference in flow restriction between the outlet 
holes 620 and the chamber 622 which ensures an even flow out ofall of the outlet holes 620 
despite the provision of only a small number or even only one main supply orifice 625. 

The gas exiting the outlet holes 620 flows both radially inwardly and outwardly. 
The air flowing radially inwardly up the outlet 614 is effective to form a seal between the 

10 seal member 12 and the substrate W. However, it has been found that the seal is improved 
if a further flow of air is provided by a further inlet 617. Passage 630 is connected to a gas 
source, for example the atmosphere. The flow of air radially inwardly from the inlet 615 is 
effective to draw further gas from the further inlet 617 towards the outlet 614. 

An annular groove 633 which is provided at the end of the passage 630 (rather 

15 than a series of discrete inlets) ensures that the sealing flow of gas between thinner most 
edge of the groove 633 and the outlet 614 is even around the whole circumference. The 
groove is typically 2.5 mm wide andof a similar height. 

The inner most edge 635 of the groove 633 is, as illustrated, provided with a radius 
to ensure smooth flow of the gas through passage 630 towards the outlet 614. 

20 The outlet 614 also has a continuous groove 640 which is approximately only 0.7 

mm high but 6 to 7 mm wide. The outer most edge 642 of the groove 640 is provided as a 
sharp, substantially 90\ edge so that the flow of gas, in particular the flow of gas out of 
further inlet 630 is accelerated to enhance the effectiveness of the gas seal. The groove 640 
has a plurality of outlet holes 645 which lead into an annular chamber 647 and thus to 

25 discrete outlet passage 649. The plurality of outlet holes 645 are approximately 1mm in 
diameter such that water droplets passing through the outlet holes 645 are broken up into 
smaller droplets. 

-The effectiveness of liquid removal of the seal member 12 can be adjusted by an 
adjustable valve 638 connected to the further inlet 617. The valve 638 is effective to adjust 
30 the flow through further inlet 617 thereby to vary the effectiveness of liquid removal of the 
gas seal 12 through outlet 614. 

The overall diameter of the seal member is of the order of 100 ram. 

Figure 11 shows, in plan, the underside of the seal member 12 of Figure 10. As 
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can be seen, the inlet 615 is provided as a plurality of discrete inlet holes 620. This is 
advantageous over the use of a groove for the main inlet 615 because a groove as an air 
bearing has a capacity (because of ihecompressable nature of gas) such that vibrations can 
be set up in such a system. Small diameter inlet holes 620 have a lower volume of gas in 
5 them and therefore suffer less from problems arising from capacity. 

The use of a further inlet 617 in the form of a groove 633 can be used to ensure a 
continuous gas flow around the whole circumference of the seal member 12 which would 
not necessarily be possible when only using discrete inlet holes 620. The provision of the 
outlets 645 as discrete entities is not a problem because of the provision of the groove 640 
10 which is effective, like chambers 647 and 622, to even out the flow. 

The inlets for liquid are not illustrated in the seal member 12 of Figures 10 and 11. 
The liquid may be provided in the same manner as illustrated in the foregoing embodiments 
or, alternatively, any of the liquid inlets and outlets as described in European Patent 
Application Nos. 03256820.6 and 03256809.9. 

15 

Embodiment 7 

20 The seventh embodiment is similar to the sixth embodiment except as described 

below. Figure 12 is a plan view of the underside of the seal member 12 similar to that 
shown in Figure 11. In Figure 12 the seal member is not provided with a further inlet as in 
the sixth embodiment though this can optionally be added. 

The sea] member 12 of the seventh embodiment comprises a gas bearing 715 

25 formed by inlet holes 720 and which is of the same overall design as the sixth embodiment. 
The inlet 714 comprises a annular groove 740 with only two passages 745, 747 which lead 
to a gas source and a vacuum source respectively. In this way a high speed flow of gas 
from the-gas source connected to passage 745 towards the vacuum source connected to 
passage 747 can be established. With thishigh speed flow of gas, immersion liquid can be 

30 drained more effectively. Furthermore, by creating a larger restricted vacuum flow in the 
vacuum chamber, flow fluctuations due to variations in the height of the seal member 12 
above the substrate W or other leakage sources in the surface will not influence the vacuum 
chamber pressure providing the preload for the gas bearing. 
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Embfldiment 8 

5 

The eighth embodiment will be described in relation to Figure 14 and is the same as 
the first embodiment except as described below. 

As can be seen from Figure 14, the eighth embodiment has a seal member 12 with 
an inlet 815 and an outlet 814 just like the first embodiment. However, a further inlet 817 is 

10 provided which is arranged so that a jet of gas can be formed which increases the velocity of 
the gas on the surface of the substrate W below or marginally radially outwardly of the 
outlet 14 so that immersion liquid is more effectively removed from the surface of toe 
substrate W. The further inlet 817 has an exit provided by anozzle which is directed 
towards the substrate W at an angle radially inwardly towards the projection system PL, 

15 Thus, the otherwise laminar air flow (with a Reynolds number of around 300) between the 
inlet 815 and the outlet 814 and which has a simple parabolic speed distribution with a zero 
speed on the surface of the substrate, which cannot remove the last few micro meters of 
liquid film from the wafer, is improved because the further inlet 817 ensures that gas with a 
higher air velocity is in contact with the substrate surface. 

20 From Figure 14 it can be seen that the exit nozzle of the further inlet 817 is 

provided radially outwardly of the outlet 814 but closer to the outlet 814 than to the inlet 
815. 



25 

Embodiment 9 

The ninth embodiment is illustrated in Figures 15 and 16 and is the same as the first 
embodiment except as described below. 
30 In the ninth embodiment the mouth of the outlet 914 in the bottom surface of the 

seal member 12 which faces the substrate W, is modified to increase the velocity of air into 
the outlet 914, This is achieved by reducing the size of the mouth of the inlet 914 whilst 
keeping the passageway of the outlet 914 the same size. This is achieved by providing a 
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smaller mouth by extending material of the seal member 12 towards the center of the 
passage to form an outer addition member 940 and an inner additional member 950. The 
outer additional member 940 is smaller than the inner additional member 950 and the gap 
between those two members 940, 950 is approximately 20 times smaller than the remainder 
5 of the outlet 914. The mouth is approximately 100 to 300 nm in width. 

In Figure 16 a further alternative version of the ninth embodiment is depicted in 
which a further inlet 917 similar to the further inlet 817 of the eight embodiment is provided. 
However, in this case the further inlet 917 provides a jet of flow substantially parallel to the 
surface of the substrate W so that the gas entering the mouth of the outlet 914 is accelerated. 

10 

Embodiment 10 

15 The tenth embodiment is illustrated in Figure 17 and is the same as the first 

embodiment except as described below. 

In the tenth embodiment the efficiency of liquid removal is improved by increasing 
the velocity of gas on the surface of the substrate W along the same principles as in the 
eight embodiment Gas leaving inlets 1015 and movin^adially inwardly towards an outlet 

20 1014 passes underneath an annular groove 1018. The effect of the groove, as illustrated, is 
for the gas to enter the groove on its radially outer most side and to exit it, with an angle 
towards the substrate W, on the radially inward side. Thus, the speed of the gas on the 
surface of the substrate W at the entrance to the outlet 1014 is increased and liquid removal 
efficiency is improved 

25 

It will be clear that features of any embodiment can be used in conjunction with 
some or all features of-any other embodiment. 

Whilst specific embodiments of the invention have been described above, it will be 
30 appreciated that the invention may be practiced otherwise than as described The description 
is not intended to limit the invention. 
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CLAIMS: 



1 . A lithographic proj ection apparatus comprising: 

a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means serving 
to pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid, characterized in that said liquid 
supply system comprises: 

a seal member extending along at least a part of the boundary of said space 
between the final element of said projection system and said substrate table; and 

a gas seal means for forming a gas seal between said seal member and the surface 
of said substrate. 

2. Apparatus according to claim 1, wherein said gas seal means is a gas bearing for 
supporting said seal member over said substrate. 

3. Apparatus according to claim 1 or 2, wherein said gas seal means comprises a gas 
inlet and a first gas outlet formed in a face of said seal member that opposes said substrate, 
means for supplying gas under pressure to said gas inlet and vacuum means for extracting 
gas from said first gas outlet 

4. Apparatus according to claim 3, further comprising a further inlet connected to a 
gas source and positioned between said first gas outlet and said gas inlet. 

5. Apparatus according to claim 4, wherein said further inlet comprises a continuous 
annular groove in a surface of said seal member facing said substrate. 



6. Apparatus according to claim 5, wherein aradially innermost corner of said groove 
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has a radius. 

7. Apparatus according to any one of claims 3 to 6, wherein said first gas outlet 
comprises a continuous annular groove in a surface of said seal member facing said 
substrate. 

8. Apparatus according to any one of claims 3 to 7, wherein said first gas outlet 
and/or said gas inlet comprise chambers between said means for supplying and said vacuum 
means respectively and an opening of said inlet or outlet in said surface which chamber 
provides a lower flow restriction than said opening. 

9. Apparatus according to any one of claims 3 to 8, wherein said gas inlet comprises a 
series of discrete openings in a surface of said seal member facing said substrate. 

10. Apparatus according to any one of claims 3 to 9, wherein a porous member is 
disposed over said gas inlet for evenly distributing gas flow over the area of said gas inlet. 

11. Apparatus according to any one of claims 3 to 10, wherein said seal member 
further comprises a second gas outlet formed in said face of said seal member that opposes 
said substrate, said first and second gas outlets being formed on opposite sides of said gas 
inlet. 

12. Apparatus according to any one of claims 3 to 11, further comprising means for 
varying the level of a portion of said face between said first gas outlet and said gas inlet 
relative to the remainder of said face. 

13. Apparatus according to any one of claims 3 to 12, further comprising means for 
varying the level of a portion of said face between said first gas outlet and an edge of said 
face nearest said optical axis relative to the remainder of said face. 

14. Apparatus according to any one of claims 3 to 13, wherein said gas seal means 
comprises a channel formed in said face and located nearer to the optical axis of the 
projection system than said first gas outlet. 
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15. Apparatus according to claim 14, wherein said channel is a second gas inlet. 

16. Apparatus according to claim 15, wherein said channel is.open to the environment 
above this level of liquid in said spade, 

17. Apparatus according to any one of claims 3 to 16, wherein said gas inlet is looted 
further outward from the optical axis of said projection system than is said first gas outlet. 

18. Apparatus according to any one of claims 3 to 17, wherein said gas in^ and out-lets 
each comprise a groove in said face of said seal member opposing said substrate and a 
plurality of conduits leading into said groove at spaced locations, 

19. Apparatus according to any one of claims 1 to 18, further comprising sensors for 
measuring the distance between said face of said seal member arid said substrate and/or the 
topography of said substrate. 

20. Apparatus according to any of claims 1 to 19, further comprising control means to 
control the gas pressure in said gas seal means to control the stiffness between said seal 
member and said substrate and/or the distance between said seal member and said substrate. 

21. Apparatus according to any one of the preceding claims, wherein the gap between 
said seal triember and the surface of said substrate inwardly of said gas seal means is small 
so that capillary action draws liquid into the gap and/or to prevent gas from said gas seal 
means entering said space between said projection system and said substrate. 

22. Apparatus according to any one of the preceding claims, wherein said seal member, 
forms a closed loop around said space between said projection system and said substrate. 

23. A lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means serving 
to pattern the projection heath according lo a desired patterft 
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a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid, characterized in that 

said space is in liquid connection with a liquid reservoir through a duct, and the 
minimum cross sectional area of said duct in a plane perpendicular to the direction of fluid 



removed from said space within time^, L is the length of the duct, r\ is viscosity of liquid 
in said space and AP^^ is the maximum allowable pressure on said final element, 

24. The apparatus of claim 23, wherein said space is enclosed such that when liquid is 
present in said space, said liquid has no free upper surface. 



a radiation system for supplying a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means serving 
to pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate; and 

a liquid supply system for at least partly filling a space between the final element of 
said projection system and said substrate with a liquid, 

characterized in that said liquid supply system further comprises on a top surface of 
liquid in said liquid supply system, suppression means for suppressing development of 
waves and including pressure release means. 

26. Apparatus according to claim 25, wherein said suppression means comprises a 
flexible membrane. 




where AVis the volume of liquid which has to be 



A lithographic projection apparatus comprising: 



27. Apparatus according to claim 25 or 26, wherein said suppression means comprises 
a mesh such that the maximum area of said top surface of said liquid is equal to the mesh 
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openmgv; 

28- Apparatus according to claim 25, 26 or 27, wherein said suppression means 
includes a safety valve for allowing the passage of liquid above a certain pressure 
therethrough. 

29. Apparatus according to claim 25, wherein said suppression means is a high 
viscosity liquid which is immiscible with said liquid. 

1. ABSTRACT 
Lithographic Apparatus and Device Manufacturing Method 

In a lithographic projection apparatus a seal member surrounds a space between 
the final element of a projection system and a substrate table of the lithographic projection 
apparatus. A gas seal is formed between said seal member and the surface of said substrate 
to contain liquid in the space. 

5 

2 Representative Drawing. 

Fig. 2 
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